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. Abstract

. Panereatic carcinoma is the. 4th leading ‘caus‘e of caneer death in neople_ although it
ranks 11th in overa.ll cancer incidence. ’fhe most common pnmary malignancy of the
. p.anere'as' is J ductal adenocarcinor‘na‘ which represents 75%“ of all exocrine pancreatic
neoplasms: The pathoph):lsiology of pancreatic carcinoma remains unolear, if not
eontroversial." ‘Tobacco and al_cohol are risk factors. Ki-ras and p53 oornmonly occurring
genetic mutations, 75% and 50% respectively. I-idWever, the interconnection hetween these
ri‘sk‘fac'tors and genetic mutations and their roie in panereaticvcareinogenesishas not been
consistent. It has been reoorted that patients Who‘smoke'and drank had a lower incidence of
Ki-ras mutations than patients who only smoked‘or consumed alcohol. Furthennore, it has .
been reported that patients‘without p53 or Ki-ras mutations have shorter survir(al tinies ‘than
patients who‘ had one of the rnutations. |

In a tr‘ansplacental harrlster rnodel it 'vtrasshown that the tbbacco-speeiﬁc nitros'amine |

4- (methylmtrosamme) 1- (3-pyndy1) l-butanone (NNK) caused exocnne pancreatlc
adenocarcinoma in the offspnng of pregnant hamsters pre-exposed to ethanol in the drinking
water, where as exposure to NNK alone caused tumors of the resplratory tract. Tt has been '
demonstrated that these pancreatlc tumors in the offspnng of dams that received ethanol did
not have p53 or Ki-ras mutatlons and appeared to develop tumors independent of these
alterations.” ’fobaeco is also a risk factor for. yarious onhnonary eancers. A beta-adrenergic

recentor mediated mitogenic pathway has _beeh jdenﬁﬁed in human peripheral i)uhnonary
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adenocarcinoma cell lines. NNK has also been shown to bind to beta-adrenergic receptors
in these cells.

.Using radioligand binding techniques, B, and B, -adrenergic receptor subtypes were
found in membrane ﬁreparétions from fetal hamster pancreas and from 4 human pancreatic
adenocarcinoma cell lines. In the fetal hamster pant;reas of offspring from dams who did not
receive ethanol, there was a higher ;;roportion of B, receptors. In the fetal pancreas of
offspring from ethanol treated dams and in the human pancreatic carcinoma cell lines, a
higher proportion ;>f B, receptors was demonstrated. As studied with competition assays in |
the fetal pancreas, NNK bound to the beta-adrenergic receptors. In the ethanol treated
pancreas, the competition curve shifted to the left suggesting an increased affinity of NNK
to the receptors. As studied by 3"-thymidine incorporation, increaéing coﬁcentrations of
NNK did not fesuit in increased DNA synthesis. Maintenance of these cgll lines'in media
containing ethanol did not change this observation. However, simultaneous treatment with
NNK and a f3,-antagonist resultea iﬂ marked inhibition of DNA synthesis in all cell lines
under both general and ethanol media maintenance conditions.

These ﬁndings' did not fully support the central hypothesis that NNK would induce
proliferation of human pancreatic carcinoma ceil lines through beta-adrenergic receptors and
that the effect would be enhanced in'the presence of ethanol. These findings did demonstrate
a potential role of beta-adrenergic receptors, particularly B,, perhaps in concert with NNK,
in the cell cycle regulation of thése cells. | :

Chronic alcohol cons‘umii)‘t‘ic;;lti is a.risk facto£ for chrbnicé i)ancreatitis which is also a

risk factor for pancreatic cancer. Beta-adrenergic ‘r‘ecep'tors ha;{'e been shown to activate
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pathways involving phospholipases which can trigger the release of arachidonic acid. Recent
evidence has demonstrated that cycloo:gygenase-Z expression is upregulated in human
pancreatic ‘adenocarcinomas. These findings together suggest that a link between beta-
adrénergic receptors and the arachic‘lonic~ acid pathway may exist aﬁd provide a

pathophysiologic role in the development of this cancer type.
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INTRODUCTION AND OVERVIEW



Chapter 1 :Epidemiolog:y and of panc'réatic carcinoma

L Epldemrology '

Pancreatrc carcinoma is- the (4th leadmg cause of cancer death in people although it.
ranks 11th overallrm cancer mcldence Surv1val rates reported are as fOHOWS' 3-5%, 5 years,“_ -
9%, 2 years (Gold 1998 Kinjo, 1998) Th1s h1gh mortahty rate is attnbuted to the late -
dlagnosrs of the dlsease and its propens1ty to metasta51ze The most common pnmary
mahgnancy of the pancreas is ductal adenocarcmoma which represents 75% of all exocrine -
‘pancreati‘c neoplasms (Wilentz,_l9_:98).j - | | |

‘ This neoplasm. has been considere‘d “rnainly a disease of elderly u'rban‘dwellers.”
(KmJo "l998) Eighty percent of patlents are between the ages of 60—80 (Klnjo 1998 o
Gordis, 1993). However, mcreasmgly, younger md1v1duals and Imore women are developmg
 this neoplasm. Nmeteen‘and mnety-erght cancer statlstlcs estimate that there w111 have been'
29 000 new cases and 28, 900 deaths assoclated w1th pancreatlc cancer (Landls 1998) Rates ,
are hlgher among blacks (both men and women) than among wh1tes Migrant studles
pnmanly on immigrant-J. apanese have shown mcreased 1nc1dence rates among 1mm1grant
. Japanese in the US compared to natlve Japanese (Gold 1998 Buell 1968) In addltlon rates :

are higher among Amencan blacks than Afncan blacks There have been studles reportmg

that pancreatlc cancer is more ﬁ'equent in J ew1sh md1v1duals than n cathohc or Protestants
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In addition, the rates of Mormons and non-Mormons in Utah are low compared to the '
 overall rates.of the US (Gold, 1998; Lan, 1976); These findings suggest that genetic,

environmental, and dietary factors may influence the development of this disease.



Chapter 2: Tobacco and ethanol as risk factors

L The risk factor tobacco
Exposure to tobacco products is a better risk factor. Most studies (including eight
“prospective studies, a Japanese cohort study, numerous case control studies) have shown an
increased risk of pancreatic cancer associated with cigarette smoking (Doﬂ, 1976; Hirayama,
1989; Shibata, 1994). In addition, hyperplastic changes in pancreatic duct cells including
atypical nuclear changes have been found in smokers at autopsy (Fraumeni, 1975). These
changes were allso reported to increase with smbking dose.

Exposure to tobacco products is a well-establishqd risk factor for a number of
conditjons including chronic lung disease, heart disease, and a variety of cancer types.
Tobacco is composed of nicotine and sev’eral thousand toxicants and irritants, including
multiple tobacco s:peciﬁc nitrosamines (Hecht, 1998). The nitrosamines have been identified
as the mpst potent cancer causing agents in tobacco products and will be the main focus of
this section. Nitrosamines are formed by nitrosation of secondary and tertiary amines
(Hecht, 1998). This process can occur endogenously in the gut. In the case of the tobacco-
specific nitrqsamines, they form from nicotine dunng the curing and stbrage processes of the
tobacco product and in the host organism. Nicotine itself is a tertiary amine with a
pyrrolidine and pyridine ring. Tﬁe two most abundant nitrosamine products of nicotine are
NNN [N’-nitrosononﬁcotiﬁe] and NNK [4-(methylnitosamjno)-l-(3-pyﬁdyl)-1-1bﬁtan6ne].

These along with the metabolic products of NNK {NNAL--[4-(methylnitrosamino)-1-(3-
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Ilayﬁdyl)-l-butanoi]}andNNA {iso-NNAL--[4(ﬁ1eﬂ1y1nitrosa1nind)—4-(3-pyridyl)—1-butanol]-_ |
and 1so-NNAC--[4-(methyhutroanuno)-4-(3-pyndyl)butync acid]} all occur in tobacco
smoke and are referred to as tobacco-spec1ﬁc mtrosammes Also included in this group are
NAT [N’-nitrosoanatabine] and NAB [N. -pitrosoanabasine] (Hecht, 1988; Hecht, 1994).
Nicotine in and of iteelf haé nef been proven to be carcie‘ogenic when tested in
laboratory animals; however, the mtrosammes, particularly NNN and NNK are potent
carcinogens (Hecht 1998) NNK and its metabolite NNAL have been shown in multlple.
carcinogenesis studies to be the most active of these nitrosamines (Hecht, 1998; Schuller,
1998). NNK is a potent pulmonary carcinogen in rats, mice, and Syrian golden hamsters.

In addition, tumors of the nasal'cavi'ty, liver, t‘rachea,‘ and pancreas have been induced in

these spécies. There is substantial evidence that supports the idea that nitrosamines are
principal components in the development of cancers of the lung, oral cavity, esophagus, and

: pancreas. Reactive metabolites formed from NNK induce . the formation of OS-

methylguanine DNA adducts, implicated in the. activation of Ki-ras protooncogenes

(Belinsky, 1989; Hecht, 1993).

II. The risk factor ethanol '

There is epidemiological data ;trongly linking alcohol consuniption1 as a risk factor for
cencer. These include studies showing natiogal per capita alcohol consumption paralleling
ege-adjusted mortality from cancer, studies showing groups of people who consume large

amounts of alcohol have increased cancer risk, studies showing groups of people who

traditionally abstain from alcohol (Mormons, Seventh-Day Adventisfs) have decreased



c

cancer nsk and studles showmg patients w1th mahgnancles have an assoc1ated history of :

alcohol consumptlon (Jensen 1979; Lemon 1964, Lyon, 1977 Lyon, 1976; Monson, 1975 ‘

Mufti, 1992; Tuyns 1970; Vmcent 1963)
However, multrvanate analys1s of epldemlologlcal studles to try to determine a d1rect
effect of ethanol on cancer‘development has produced mcons1stent results. Included in these

data ate those regarding alcohol consurnptlon and pancreatlc carcinoma. Alcohol 1s known :

© to cause chromc pancreatltls and chromc pancreatltls is thought to be a nsk factor for )

pancreatlc carcinoma. However, the causatlve lmk between the two is- stlll unclear (Gold
1998) |

In regard to the effects of ‘etlranol :o"n-canCEr when' looking at'animal smdles or
carcmogenesrs studles the reasons for the mcons1stences become more apparentv In an

extensrve rev1ew by S. I Muﬁr (1992), 1t was determmed that stud1es in which ethanol was

admrmstered to ammals through the hfe span of the ammal used farled to show clear results -

that would 1ndlcate ethanol as carcmogemc in and of 1tself Mufti further’ stated that the{

argument could be made that perhaps alcohol could be weak in its’ carcmogemc effect and. S

. take years to establish. Most studles addressmg ethanol’s lmk to carcmogenesrs have e

involved induction of the. carcmogenesrs by known carcrnogens Muft1 reports that the
results of these studles have depended éna number of vanables specres used carcmogens

used, ,dose/schedule ,of ethanol admrmstratron,;‘a‘ndf 1t's relat1o_n totrmmg of carcinogen

: adrninistration: z.

Ethanol may play a role i e1ther modrfylng the 1muat10n of carcmogenes1s or act as

a tumor promoter dependmg,on when admlmstered It has been proposed that the
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incons:istent,‘result_s notedyin‘mn'ltivariate analytical epidemtoiogical appiications and in -
animal studies may have heen caused by ‘the‘ failnre\ to drstrnguish betyiteen'these.two : ,
exposnre situations. . - o | | | o

_ Several proposed potentlal pathways for ethanol to influence the 1rut1at10n process _ i :
mclude mcreasmg mtracellular carcmogen concentratlons (Anmoto 1982), mcreasmg cell

membrane permeablhty (Sm1th 1971) and/or mcreasmg carcmogen metabohsm (Kalant o

| 1976; Liu, 1975; Mezey, 1976 Rubm, 1970 Rubm, 1968) Ethanol is aknown inducer- of

| cytochrome p450 enzymes (mcludmg p45011E1 which metabohze volatrle low molecular‘ ,-; _

werght mtrosa.mmes) and pretreatment wrth ethanol is lcnown to enhance metabohsm of -
drugs and carcmogens that use thls system (Anderson, 1992) These mechamsms conld ’ 4
result in greater avallablhty ofa cardmoéen, to exert its actions. Dlscrepanmes*ha,ve arisen

in cases where nitrosamines‘ha‘ye been used io_’iﬁducé cancer“ and the muosMes were co- .
adrninistered w1th ethanol ;In these situations some m'trosamines has B‘een shown to

increase extra-hepatlc tumor numbers while reducmg the number of. hver tumors As an

‘example, C57BL/6 mice glven repeated oral doses of n-mtrosodunethylarmne (NDMA) in

40% ethanol expenenced a 50% reductlon in liver tumors. However,;these mice deyeloped '
nasal tlmrors which were not seén in ammals receiving only NDMA ('Gri'ciute’,‘ 1:981'); 'i“he
reason for’this apparent dlscrepa.ncy 1s that ethanol can act as a competitiye irdﬁhitor ot‘ -‘the
enzyme- demethylase which is’ rnVOived' in the metabolism of ‘ nitrosamine's in the liver

(Miller, 1984 Anderson 1992) Fmally, in addition to the above stated pathways for

1mt1at10n, ethanol 1s cytotox1c Cytotox1c injury can result in- cell death and secondary

hyperplasra (Muftl, 1992). ThlS effect has Fbeer"rlmked it0~the potentlal ,effects of ethanolﬂ
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inducing precursor neoplastic lesions associated with chronic inflammatory conditions of the
liver (Lieber, 1983; Mufii, 1992).

A number of studies indicate that ethanol can act as a tumor promoter and that it
meets several criteria of tumor promoters: not carcinogenic itseif alone, multiple chronic
exposures needed for effect, and acts above a threshold dose (Mufti, 1992). Multiple
molecular mechanisms have been proposed to explain ethanol’s potential promoter effects.

First, ethanol consumption can be conducive to lipid peroxidation through free radical
formation (Dianzani, 1985). This is thought to occur as a result of excessive reducing
equivalents and the. generation of reactive oxygen species following the induction of the
microsomal ethanol oxidizing system by the ethanol. Increased levels of lipid peroxidation
products (ethane, hepatic diene conjugates) have been noted in studies of rats consuming
ethanol on a chronic basis (Szebeni, 1986; Mufti, 1991; Mufti, 1992). This increase could
be inhibited by supplementaﬁon with vitamin E (Mufti, 1992).

Secopd, ethanol may alter the efficiency of DNA repair enzyme systems (Mufti,
1992). Aberrant methylation of hepatic DNA has been observed with long term ethanol
consumption (Barrows, 1981; Mufti, 1988). In addition, cﬁromosomal alterations have been
noted in chronic alcohol users (Mufti, 1992; Alvarez, 1983). A logical 'copsequence of the
induction of DNA strand breaks by free radicals along with d;acreased efficiency of DNA
repaii' would be a significant contribution to tumor promotion or induction. Pretreatment
of rats with ethanol before treatment with c;arcinogens N-nitrosomethylamine and N-
nitr‘osomethylbenzyla.mine caused increased levels of Of-methylguanine, a known DNA

adduct formed by nitrosamines (Garcéa, 1984) which causes activating point mutations in '



the Ki-ras gene (Belinsky, 1989).

Third, alcohol may contribute to immune suppression. In alcoholic people,
lymphocytes have decreased intracellular cells of cAMP (Diamond, 1987; Nagy, _1988) and
impaired mitogenic activity (Sorrell, 1972). Decreased T-cell number and impaired function
along with impaired phagocytic activity has been observed in in vivo and in vitro'studies.
Fourth, the cytotoxic effects of ethanol could also cause tumor promotion. A number of
tumor promoters cause a proliferative response that involve primarily expansion of clonal
poplulations of initiated cells (eventé that could also establfsh appropriate conditions for

precursor lesions chronic inflammatory liver conditions).
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Chapter 3£«State;neﬂi of the prbblem-cOhtfoﬁfersfés in pancfeatjc carcinogenesis

L CoﬂtrdVersy over riSl; ,,fact(;i:'s‘ ’

At prgséﬁt, there is conf;pversy ove? t-he' risk factors; invqiw}éd in }lle deyelopméqt_ of |

' parllc‘rc;at‘iC cércinérﬁa‘. Tobacco is élcnﬁwn_riéc fac;or (Doll, 1976; Hirayama, i:989; Shibata,

1994). Alcohol cénsumption is val\so‘v thogght to be a risk factor. Alcohoii is known to céusé -

chronic 'paﬂéfeaﬁtis and chfopic p-emcll'e\atitis is thought to be a risk factor for ‘pan'crgaatic ‘
carcinoﬁ;a, However, ﬁe caﬁsaﬁve lmk 'bletv.ve‘en. th"g two is sﬁll unclear. In :additiOn,j
mullfi‘\(ariate‘anély'sis of epldemlologlcal ;st‘udies’vto try to determiné a‘di’rect effe'ct of ethanol
oﬁ development of pancreatlc éé.rCinoma has pr§duced inconsistent reSult§ (éold; 1998; .

Go;dis, 1993)..

IL éontrover#y of role of genetic mufations. .

In ,addi’tion to-the apparent éénﬂqversy'regaraiﬁg risk facfors, the-re are abparént
dist;répanéies in the role of speciﬁc“gén‘etic mutations in the Idévelc;p‘ment of this cancer type.
Point mutations in the Ki-fas gene are ﬁequent ‘(75%) aﬁd occur as an early event inﬂhu.ma'n
pancreatic adénocaréino_;ﬁa (Ahnogﬁer& 1988; Hruban, 1 993; Pellegata, 1994; Rozenblum,
1997; ‘Te.ll'hune, 1998). In é&&ﬁion,; 50% of human ﬁ%h’d’re_;‘ivtic”adénocarcinomas have p53
mutaﬁons ( Pellegata, 1994; Ro’zjexilblum; '1997) : Mélat's:' et >al f(199’l7) reports that human
patiénts who smoke and drank had # lower incidehcg of Ki-ras mutations in their p}mcreatic

adenocarcinomas than those who only smoked or consumed alcohol. These ﬁndmgs suggest
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- an interaction between alcohol and tobacco. It has also been reported that patients with

pancreatic adenocarcinomas which lacked both p53 and Ki-ras mlitatipns have shorter
survival times than patients with one of the mutations (Dergham, 1997).

In a transplacental hamster model, it was shown that the tobacco-specific nitrosamine

4-(methylnitrosamine)—1-(3-pyri§1yl)41-butandne (NNK)' caused exocrine pancreatic cancer

in the offspﬁng of pregnant hamsters who were previously expdséd to ethanol in the drinking
water (Schuller, 1993), where as exposﬁre to NNK alone caused tumors of the respiratory
tract. In the offspring of dams that received ethanol and NNK, there were significant
incidences of pancr‘eatitis, ducfai and acinar hyperplasia, pancreatic adenocarcinomas, and
pheoéhromocytomas. These findings ‘we‘re more significant in‘ferAn'a'le offspring where the
incidences of hyperplastic lesions and pancreatic adenocarcinomas were 77% and 59%,
respecti.vely (Schullexl', 1993). In addition, according to preliminary, unpublished dat# from
the 1a50ratory of a co-investigator, pancreatié tumors in the offspring of dams that received
ethanol did not have p53 or Ki-ras mutations and appeared to develop tumors independent

of these alterations.

II1. Potential contrdversy in the role of ethanol

In chapter 2, sectiop II of part I of the dissertation, there are a number of mechanisms

by which ethanol can influence carcinogenesis. Ethanol can induce cytochrome p450IIET -

enzymes which are responsible for the metabolism of rlitrosafnine‘s (Anderson, 1992). This

would potentially result in increased levels and increased airailability of éarcinbgenic

.r'net'abolités.r NNAL is a poterit carcinogen and is the primary metabolite of NNK in the
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hamster (Jorquera, 1992). An increased rate of metabolism in the lungs and livers of fetal
hamsters exposed in utero to ethanol has been observed (Jorquera, 1992). However,
preliminary, unpublisﬁed data, from the laboratory qf a co-investigator does not show
significant differenqes in levels of NNAL in the pancreases of fetal hamsters exposed in
utero to ethanol compared to those without exposure.

Ethanol may alter the efficiency of DNA ;epa.ir enzymes (Mufti, 1992). Aberrant
methylation has been observed with long term ethanol consumption (Barro'ws, 1981; Mufti,
' 1988), and chromosomal alterations have been noted in chronic alcohol users (Mufti, 1992;
Alvarez, 1983). In addition, pretreatment of rats with ethanol before treatment with
carcinogens N-nitrosomethylamine and N—nitrosomethylbenéylamine caused increased levels -
of O6-methylguanine, a known DNA adduct formed by nitrosamines (Garcea, 1984). This
adduct causes point mutations in the Ki-ras gene  (Belinsky, 1989). As stated earlier in
chapter 3, section II of part I, point mutations in Ki-ras are frequent and occur as an early
event in human pancreatic adenocarcinoma (Almoguera, 1988; Hruban, 1993; Pellegata,
1994; Rozenblum, 1997; Terhune, 1998), and in addition, 50% of human pancreatic
adenocarcinomas have p53 mutations ( Pellegata, 1994; Rozenblum, 1997) Also stated in
this same section, unpublished data from the labora;tory of a co-investigator, pancreatic
tumors in the offspring of dams that received ethanol did not have these mutations and
appeared to develop tumors independent of these alterations. In addition, epidemiologic data

(Malats, 1997) reports that human patients who smoké and drank had a lower incidence of
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Ki-ras mutations in their pancreatic adenocarcinomas than those who only smoked or
consumed alcohol. These findings suggest that there is an interaction between tobacco and

ethanol. However, the specifics of thls interaction remain unknown.
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Char)ter 4: Potentjal mechanisms of ‘carcinogenesis as relates to NNK and beta- -

adrenergic receptors

1 The role of ~NNK |

' Tobacco is an undrsputed nsk factor for pancreatlc carcinoma (Doll 1976 Gold
: 1998 Hrrayarna, 1989 Shlbata, 1994) NNK is one of the pnnc1pal carcmogens in tobacco
(Hecht 1998) The primary focus on the carclnogenetlc actlon of NNK has revolved around :
its ab111ty to 1nduce the formation of Os-methylguamne DNA adducts These adducts are

unphcated in the actlvatlon of K1-ras protoonco genes (Behnsky, 1989). There is evidence

emergmg in thlS laboratory that NNK can actrvate MAP kinases dlrectly (Jull, 1999) Th1s -

- 'data has been derived ﬁ'om experiments usmg normal fetal pulmonary neuroendocnne cells )
L whrch presumably do not have, ‘Klfras mutations or other mutatrons. Therefore,‘suggesting
that NNI{("could induce positive prohferaﬁve effect by:direct activation of signal transduction

‘.Vpathways vra stirnulation of a mitogen vvithout having induced a mutation. NNK has also :
been Isho'vvn to' induce proliferationiof St'etaf'lll_ung cells as measure‘dby increased cell count:s‘

compared to controls.

" IL The potential role of the beta-adrenergtc'-system o
The autonormc nervous system is . w1de1y dlstnbuted throughout the body and
functions in conJunctron w1th the endocnne system to provrde mvoluntary regulatlon for

o optlmum mternal homeosta81s and fine control for many pararneters mvolved mn cell behavror‘
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- (Leﬂ&owdtz, 1990)§ : G1ven -these factors itis surprising that little attention has been given to ,

the potential r'ol‘e. of this system in the development of cancer. There is emerging evidence
' - )' v‘that 'the sympaﬂleﬁc branch. of the autonomic nervous systern could play a eontributlng role
' 1f not 1mt1atory role m the development of some envuonmentally related cancers (Merryman,

] 1997 Park 1995 Schuller 1998 Schuller 1997 Schuller 1995)

For the past 20 years, there has been an. 1ncrease 1n the 1nc1dence of penpheral»

' ladenocarcmoma in 1ndustnal1zed countnes (Wynder 1994) These neoplasms exhibit a .

s paplllary pattem the cell compos1t10n is pnmanly of cells w1th Clara cell features with a

- _ Lsmall proportlon of cells with alveolar type 2 features (Lmno1la 1991) Th1s 1ncrease has

rvbeen observed not Just in smokers but nonsmokers w1th no apparent Just1ﬁcat10n (Wynder

‘ 1994) In addmon, there is a parallel increase in chromc resp1ratory dlsease Chromc lung- ~

s dlsease and bronchms are known nsk factors for the development of cancer (Devaha, 1994).

L Patlents w1th these cond1t10ns are oﬁen on mtenmttent therapy cons1stmg of beta-adrenerglc

agomsts for many years. It has been well estabhshed that NNK adm1mstered to hamsters

under hypox1c conditions mduces neuroendocnne tumors via a pathway that 1nvolves' :

mcotme receptors (Schuller 1995) It has also been estabhshed that hamsters exposed to

ambient a1r develop non-neuroendocnne tumors of Clara cell ongm (Schuller 1990).

Because of the structural sumlantles of NNK with B adrenerglc agomsts the questlon

logically arose_as,_ to what;_role_ could: chronic beta‘-adrenerg1c st1mulat10n play in lung

‘ carcinogenesis.'

Usmg human pulmonary adenocarcmoma cell lmes der1ved from penpheral lung '

vadenocarcmomas N CI—H322 and NCI—H441) ‘a beta-adrenerg1c receptor med1ated growth

A




pathway was demonsﬁateﬁ (Park, 1995) In cell proliferation assays, significant proliferation

was seen in these cell liﬁes when exposed to beta-adrenergic agonist, epinephrine and

isoproterenol. This prqliferation was inhibited by a beté-ad.renergic antagonist, but not by -
an alpha-adrenergic antagonist. In addition, the cell proliferation could also be inhibited by

an inhibitor of édenylate cyclase (SQ22536) and inhibitor of cAMP intracellular formation

(carbachol). Furthermore, cAMP assays supported these findings by showing activation of

this enzyme system by epinephrine, isoproterenol and forskolin in these cell lines. These

experiments were also performed in a small cell lung cancer cell line (NCI-H69) which did

not show the positive proliferative responses. Fihally, radioligand binding studies

dempnstrated expression of beta-adrenergic receptors in the adenocarcinoma -cells.

As stated earlier, relatively little attention has been given to potential role [3-
adrenergic receptors may have in a functional proliferative response. As pointed out in a
review of CAMP mediated cell proliferation by Dumont, et al (1989). Cyclic AMP’s role
in inhibition of mitogenesis has been regarded has been well established and perhaps
overstated. The review lists a fair numﬁer of cell systems in which the mitogenic role of
cAMP has beenidocumentéd. In several of these cell systems, the initiation of the cAMP
response is thought to occur via ﬁ-adfenergic receptors. 'i'here the above experiments appear
to be the first évidehce of a mitogenic pathway involving a B-adrenergic receptor in
pulmonary carcinogenesis. The introductory segment of this chapter will later include a
discussion on the structure of NNK, a well-documented carcinogen, and its similarity to -

agonists.
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IIL. Effects of ethanol on beta-adrenergic receptors
There are multiple studies showing ethanol to have an effect on either density or the

responsiveness or both of B-adrenergic receptors. In one study, ethanol was provided to rats

over a 3 month period. The hearts of these rats were found to have a significant reduction -

in receptor number, decreased levels o'f cAMP, and signiﬁgantly higher levels of
norepinephrine and epinephrine compared to controls. The affinity of the fecepfors was
unchanged. The decreased density and a&enylatg cyclase activity (as measured by cAMP
levels) were attributed to increased levels of the catecholamine.s_a'nd resultant compensatory
cioWn regulation (Koga, 1993). Another in vitro study using ventricular membranes from rats
given ethanol orally for a 3 week pgriod found a decrease in the number of B-adrenergic
receptors compared to untreated controls (Pohorec;ky, 1 992).

These results are not unlike studies on the levels of P-adrenergic receptors in

lymphocytes of chronic alcoholics. Again, compensatory down regulation secondary to

increased endogenous catecholamine levels was sited as probable cause of the results (Maki,

1990). However, this sarﬁe study ﬂqte& a':rapid reversal in réceptor number and functioning
following abrupt ethanol withdrawal: Similar findirigs with regard to this latter finding was
noted by Banérjee, etal (1978). B

In an in vitro study using myocardial membranes taken from rabbits which had not
been treated with ethanol, basal cAMP levels were; ot éffepted by ethanol concentrations
less than 425 mM. Higher c;)ncentrétions of ethanol decreased cAMP levels. However,
ethanol in the bresence of isoproterenol and Gpp (NH)p (an activator of the Gs regulatpry

protein) increased the cAMP levels. Other studies examining the effects of ethanol on
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B ' adenylate cyclase act1v1ty in lymphoma cells (Rabin, 1983) and neural cortex (Sa1to 1985)} :

found mcreases m basal adenylate cyclase act1v1ty w1th ethanol
- Prenatal alcohol exposure altered the Bl-adrenerglc receptor bmdmg in brown ad1pose :
t1ssue in postnatal rats (Zlmmerberg, 1995) On day 5, there was a s1gmﬁcant mcrease in

receptor number compared to controls. , Although the receptor numbers dechned from day

" ‘5 to. day 20 in both treated and untreated control groups receptor numbers in the ethanol |
- treated group remamed s1gmﬁcant1y higher than controls However, in th1s prenatal exposure :

study, the levels of norepmephnne were h1gher than that of controls suggestlng the expected .

compensatory down regulatlon of receptors may be altered n T.hlS model
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Chapter 5: Project overview: hypotheses and objectives -

L The central hypothesis -

- The focus of this reséarch dissertati‘on will be to fccus on one aspect of the

carcinogenetic potential and interaction of NNK, ethanol, and beta-adrenergic receptors in .

pancreatic "carcinoma. The central hypothesis is that NNK will induce proliferation of

pancreatlc carcinoma cell lmes through beta-adrenerglc receptors and that this effect will be

enhanced in the presence of ethanol

IL. The specific hypotheses and cbjectives
. 1. Ethanct'treatrnent vra trle drihkirrgfwater in.pregnant hamsters wiil’ increase the receptor
density cf beta-artrenergic (receptorsa in-vfet'al’ pancreas. In adtiition, pancreatic carcinoma cell
| lines contain b,eta‘-adrenergic ,recept_ors. ‘These processes wiil be examined by radioligand

binding studies, saturation and COrnpetition assays, using a radioligand with a high affinity

- to beta-adrenergic receptors and nonselectivity to subtypes P, or B,. The objectives will be -

to deterrnine if beta-adrenergic receptors are present which subtypes are present, and at what
' proportlon | vSaturatlon binding stud1es w111 be used to determine receptor rrumber and
affinity in the fetal pancreas Competltlon binding studies w111 be used to determine which
subtypes. are present and relatwe proportlon of those subtypes m the' fetal pancreas and in
' f"our~ pancreatic carcinoma cell lir'res.. Further verification ot' binding results will be

completed by identification of specific cCONA sequence expression for.beta-adrenergic
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receptor subtypes using nonquantitative reverse transcription-polymerase chain reaction (RT-
PCR). RT-PCR products will be sequenced and compared to published sequences for beta-

adrenergic subtypes.

2. NNK will induce proliferation of pancreatic carcinoma cell lines. Ethanol treatment of
these cell lines enhances this effect. The proliferation will be blocked by beta-adrenergic
antagonists. The objectives will be to demonstrate a pgsitive proliferative effect with
treatment of NNK compared to controls which received no treatment and to demonstrate the
demonstrate the influence of beta-adrenergic receptors in this process by demonstrating
blockade of this proliferation via beta-adrenergic antagonists. Furthermore, subtype selective
antagonists will be used to determine if this influence was subtype specific. In addition,
further objectives will be to examine differences in those results after the pancreatic cell lines
had been exposed to ethanol. These processes_ﬁll be studied by measuring DNA synthesis
as a function of tritiated thymidine incorporation in four different pancreatic carcinoma cell
lines. The cells will Be exposed to increasing concentration;s of NNK, no NNK, or subtype
selective ant;gbmsts with NNK under Mo me&ia environmentai conditions. The two
conditions will be cells having been maintained in general media conditions and cells having
been maintained in media containing ethanol. Pancreatic carcinoma cell lines are chosen
becausg at present there is no good in v‘itro system f&r studying normal human pancreatic

duct cells.
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Chapter 6: The hamster transplacental model of carcinogenesis

{

The fetal tissﬁes used in the radibligand binding studies in paﬁ 2 of this dissértatiqn '
.were derived from a hamster transplacental model of carcinogenesis. The author of this

dissertation wishes to present a brief overview of this model.

L. History

With fegard to the history of transplacental ca:cin§ genesis, the ﬁ;st experiments in
this area have been attributed t‘o‘ reséérchers by the némé of Shay and Symeonidis (early
1950's). Thqre assumption wés fhét‘c‘ertéjn agents méy result in tumor development in adults
even though exposure only occihlrred?during a limited time frame ip utero. (Stavroﬁ,‘ 1984)
Before this however, there wés e_vidénce published in 1928 by. Shabad that showed an
iﬁcreased incidence of lung tumors iﬁ young mice of dams who had been treated with taré;. ‘
(Iva.nko-vic, 1984) Then in 1970, Herbst and his group found a direét correlation between
thé presence of vgginal carcinoma m young girls ;md diethylstilbestrol therapy in their
mothers (Herbst, 1971). There has also Beevn‘ re;;:);'ts of the sons of .these mothérs developiﬁg

testicular tumors (Stavrou, 1984),

II. Anatomic and physiologic considerations relevant to the animal model
There are some basic anatomic and physiologic factors that have to be considered
when using transplacental models of carcinogenesis (Schuller, 1984). They include length

of pregnéncy of a given spepies, placentation type, differences in metabolic ability of the
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placenta and target fetal organs, and level of tissue/organ differentiation. The length of

pregnancy ofa given species ¢an affect the time mterval of susceptxblhty toa certain agent

"~ The number of layers separatmg the matemal and fetal blood (placentatlon type) may affect

the passage ability of a given agent. Metabohc ‘abillty of target organs is important because |
T sorne agents r'equire"metabolic actiyation to cause their effect Fmally, the level of ‘
nssue/organ differentiatron reﬂects the cells metabohc ab1hty/capac1ty and hence their ablhty»
to metabohze a glven agent as well as the express1on levels -of cell surface receptors
important 1n the initiation of rmtogemc s1gna1 transductron pathways.' |

Most carcmogens act as transplacental carcmogens during the third tnmester
(Schuller 1984) Th1s may be a reﬂection of the following pomts

-agents that affect early in pregnancy affect a Wide vanety of developmental
processes that will more hkely have w1despread effects and result in teratogenes1s or death

-amore developed organ/tissue is needed because metabolism of the agent may be

required and ce'li surface receptors need to be expressed:

I1L. The hamster model

Transplacental studies ,haye p‘rovided‘rnuch inforrnation on the mechanisms of .
carcino'ge'nesis.- 'Much of what is known about. the mechanisms of transplacental
carcinogenesis of nitrosamines has been derived from rstudies using the Syrian golden
hamster ‘(Schuller). In general the primary target of these compounds when -given to.
gestatmg hamsters is the resplratory tract of the Fl offspnng The suscept1b111ty of the fetal

tissues to these carcmogens 1s generally higher in the third tnmester (Schuller 1984).

Bty
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In studles using mtrosodJethylamme (DEN), a model N-mtroso compound, a single

dose of the compound given to pregnant hamsters on one of the ﬁrst 11 days of gestation did,

" not result in the development»of resprratory tumors. Resplratory neoplasms were not seen

u‘ntil the dose was giyen on one of the last 4 days of gestatlon (Schuller, 1984).-
In other transplacental studles a smgle oral dose of 7. 12-dunethylbenz[a]anthracene
(DMBA) a polycychc aromatlc amine, g1ven to hamsters on days 8 9,0r 15-of pregnancy

: resulted ina h1gh incidence of a vanety of tumors in the offspnng, mcludmg sk1n kidney,

. ;ovanes thyr01d glands and central nervous system (Rustla 1977) Tumors of the resp1ratory ‘

tract have been mduced in the offspnng of female hamsters havmg received a vanety of

. mtrosammes durmg pregnancy; ' N—mtrosodlbutylamme (DBN) glven as a smgle
. .subcutaneous mJectlon to dams on one of the last 4 days of pregnancy resulted in polyps on’ -
R the larynx trachea, in the main stem bronch1 and adenocarcmomas of the nasal eplthehum_

' '(Schuller 1984) NNK glven asa smgle subcutaneous mJ ection: on day 15 or as multlple " o |

- inj ectlons on days 13 14 15 resulted in tumor formatlon in 70% of the offspnng w1th1n 1

’year aﬁer b1rth (Correa 1990). Anatormc 51tes 1ncluded various organs mcludmg the

resplratory tract. Intratracheal mst111at10n of hamsters on day 15 of pregnancy mduces

. ’tumors of the nasal cav1ty in 28. 6% to 50% of the offsprmg (Schuller 1994)

In the transplacental model used in tlus laboratory, NNK is mstllled 1ntratracheally ’
-on day 15 of gestatron and ethanol is pr0v1ded in the dnnklng water ﬁom day 10-15 of .

T pregnancy In studles measunng rad10act1v1ty ‘of maternal , placental, and fetal t1ssues ‘
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following intratracheal instillation of gitiatedzNNK; it was found that NNK readily crosses
the placental barrier quickly reaches amniotic fluid and fetal tissues and is subsequently

eliminated slowly from these tissues (Jorquera, 1992).
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Chapter 1: Introduction -

I. Brief overview

- This chapter is devoted to the identification and determination of sub-types of beta- -
adrenergic'receptors in the fetal hamster pancreatic tissues and the humanpancreatic‘ _

carcinoma cell 1ines (AsPC Panc-l,‘ B_xPC-3, and Capan-l) by radioiigand binding studies. -

Conﬁrmatlon of bmdmg studies was achreved by reverse-tra.nscnptlon of mRNA specrﬁc for

B, and Bz genes and subsequent amphﬁcatlon of the generated cDNA by polymerase chamt o

reactlon.

II. The beta-adrenergic receptor'_ :

Beta-adrenergic receptors arepart of the sympathetic diviSion' of the aut'onomic”

nervous system Beta-adrenergrc receptors are d1v1ded into 3 subtypes (B,, ﬁz, B,) based on
pharmacologlc bmdmg preferences (Leﬂcow1tz 1990) Norepmephnne and epmephnne are
the catecholammes that serve the penpheral B-receptors Norepmephnne and epmephnne

: w111 brnd at relatlvely equally to both B, and ﬁz subtypes Epmephnne is' 10 50 fold more

potent at B, sites (Hoffman, 1990). The gene that encodes the third subtype (B 3) was 1solated N
by Ernorine et al (1989). This subtype is 10 fold more sensitive to norepinephrine andis

res1stant to antagomsts such as propranolol Itis felt that this subtype may medrate responses

o catecholammes at t1ssue sites such as: adlpose t1ssue with atyplcal pharmacologlcal

characteristics. -
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The basic structure of a B-adrenergic receptor is that of an integral membrane
glycoprqtein with seven transmembrane spanning domains, a series of interconnecting loops,
glycosylated extracellular amino terminus, and a cytoplasmic carboxyl tenmﬁus (figure 1,
appendix)(Stryer, 1995; Dohlman, 1987). They are G protein coupled receptors. Upon
binding by an agonist, ﬁ-adrenergic_y receptors throggh this G protein stimulate adenlylate‘
cyclase. Cyclic AMP is a.qcm_‘@ﬁla’.ftqd and activates cCAMP-dependent pfotein kinase which

in turn phosphorylates other proteins to exert a change m cell behavior (Lefkowitz, 1990).

III. Structure of NNK |

NNK [4-ﬁ1ethy1nitxosamino)— l‘-(3-pyridy1)-i-butanone] is one of the most common,
along with NNN and NAT, of the nitrosamines in tobacco products. Nicotine in tobacco
products nitrosates to form these products which are then present in the unburned tobacco
product and in smoke. The structure of NNK (figure 2, appendix) consists of a heterocyclic
ring with an aliphatic side chain of 4 carbons and a terminal nitrogen (Hecht, 1988).
Neurotransmitters for adrenergic receptors include epinephrine and norepinephrine. Their
structures consist of a catechol ring (benzene ring with a hydroxyl group at positions 3 and
4) and a side chain with an e and  carbon and a terminal nitrogen (Hoffman, 1990; Ruffolo,
1994). An intact catechol ring is required only for c.-adrenergic agonists and not -adrenergic
agonists. Increasing the steric bulk of the terminal nitrogen atom in the aliphatic side chain
increases B-adrenergic specificity (Ruffollo, 1994). The heterocyclic ring and aliphatic side

chain with its bulky nitrogen atom ﬁ;ake NNK a good candidate as a B-adrenergic agonist.
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IV. Beta-adrenergic receptors and the pancreas
Adenoéarcinomés are neopl'asms of organs with secretory function. The pancreas is
no exception. Neu:oﬁs of cell bOdie;s in the celiac ganglia send postganglionic adrenergic
innervation fb intrapancreatic ganglia, ducts, bl_ood vessels, aﬁd islefs. Histologically, the
mosf prevalent of the exocrine pancreatic adenocarcinomas are ductal or have mixed ’
ductal/acinar components. The duct cell is thought to be the cell of origin of these
carcinomas. (Wilen@ 1998). The pancreatic duct cell and its architectural arrangement into -
intercalated, intralbbular, and interlobular ducts function to 1) provide a framework for the
" acinar tissue, 25 transport acinar éecretions to the duodenum, and 3) secrete electrolytes, ™
primarily in the fo;m of bicarbonate. The bicarbonate rich secretory fluid secreted by the
ciuct cell flushes the acinar secretions into the duodenum. This bicarbonate fluid also serves
to neutralize the aciciic secretions ﬂowing into the duodenum from the stofnach.
The role of B-adrenergic receptors in regulation (;f pancreatic secretion is unclear.
Many authors agree that the results of experiments involving exogenerous administration of
adrenergic agonists or antagonists to better understand the role of this system in the control
of pancreatic secretion have been confusing (Lingard, 1983; Vaysse, 1977). One author had |
this to sa&, “Overall, the results of expgﬁﬁwnts on the effects of adﬁﬁnistration of o~ and B-
receptor z;gonists are not helpful in understanding the possible role of intra-pancreatic
adrenergic nerves in regulation of paﬁcreatic secretion.”. Bicarbonate secretion is primarily
controlled by secretin through secretin receptors via a cAMP dependent pathway. In vivo
data can be difficult to interpref ;;iilén the Rregén;é of ':a: milieu of potential hormonal and

autonomic agents acting within a djlnamié systelﬁ. EXperinients have been conducted in both
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conscienous and lanesthetizedfanimals, .A’.l'{e'}sultsr_of.'Studies are often Aspe_cies speciﬁc; Rats
tend'to have anmcreasem secretion ‘s‘e’condary toi [3'-.adr'energic— agents (Lingard, 1983;
Furuta, 1.9'78), where as canmes tend:_:to ‘-haye'a'decrease (Vaysse, 1977) 'l‘here tend to be
‘ differenc'es.based on whether a'l specres is a continous feeder (rats) versus a non-continous o
feeder (canme) (ngard 1983) Contmuous feeders tend to have a higher basal rate of
~ secretlon In in vivo studies, researchers have noted that changes in hemodynamics due to
~ the effects:of ﬁ-adrenergic agomsts may in part be ‘responsible for decreases noted i m
bicarbonate s,ecretionl‘gv aysse,.,vl§77)..‘ iﬁnesthesia itself can affect secretion leyels in therat.'

~ Invitro data are av'ailable’; ’l’heresults are still often species speciflc w1th increases
1n rats and decreases in carines. An 1n v1tro study utilizing 1solated perfused rat pancreas to
mvestlgate the role of B- adrenerglc receptors in the genes1s of pancreatlc secretlon (ngard :
a.nd Young, 1983) compared the effect of 1soproterenol with that of secretin. The authors
“ found that 1soproterenol stimulated the ﬂow of a b1carbonate nch ﬂuld Although the ﬂow ‘,
rate induced by 1soproterenol was 70% of the maximum rate evoked by secretin, the response
by isoproterenol was found to be qualitatively similar to that of secretin.' Isoproterenol also’
L ‘stimulate’dn the secretion of protein. This effect paralleled the secretion rate of bicarbonate.
“I 'The study 'ad‘dressed if B-adrenergic receptor stimulation had:an effect on basal’secretion by
: evaluatmg that parameter in the presence of a nonselective B adrenergic antagomst '
propranolol Propranolol did inhibit the affects of 1soproterenol These pos1t1ve findings of
B-adrenergic stlmulation of bicarbonate secretlon were typlcal of studies in rats (Furuta
1978). | | | | S

From the literature, it-appears that few studies have been done in humans and were,
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- in vivo studles sometlmes on patrents belng studied for'a pre-exrstmg cond1t10n such as

peptic ulcer d1sease From the few studles ﬁ-adrenerglc receptors have been found to have-

no apparent affect on pancreatrc secretron (Raptrs l973) or decreased secret1on (Ruddlck "

vy ,‘-’,'
[N

'1973)
B However ina study usmg pancreatlc carcmoma cell lmes (BxPC -3; Hs 766T
Capan-1 and 2 Panc-l) to detenmne wh1ch duct cell receptors were functlonal these cell

‘ lmes were found to have ﬁmctlonal beta-adrenerglc receptors coupled to adenylate cyclase

as measured by cAMP levels generated in response to epmephnne and 1soprena1me~-”

| (1soproterenol -a nonselectlve [3 agomst) (Al-Nakkash 1996) The BxPC—3 lme had the

greatest affect followed by. the Capan—l hne then Hs 766T and the Panc-l line. None of

. these cell lmes responded to st1mu1at10n by secretm which lead the authors to speculate that.

) perhaps neoplastlc transformanon resulted ina defect of these receptors or downregulat1on B

of thelr express1on
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Chapter 2: Materials and methods

The obj ecﬁ§es were to determine the presence and relative proportion of f1 and B2
subtypes of beta-adrenefgip -receptors. These proceciures were completed using fetal
pancreas derived from fetuses of pregnant h@msters and 4 different pancreatic carcinoma cell
lines. The objectives v&%eré addfgssed :using -radioligémd binding studies and RT-PCR.
Radioligand binding studies in the form of saturation and competition studies used
membrane preparations derived from the fetal tissue and the'pancreati‘c carcinoma cells.
Saturation binding studies were completed only on fetal hamster pancreas. RT-PCR was

completed using RNA derived from the fetal tissue and the pancreatic carcinoma cell lines.

I Trans.placental hémster model

Syrian golden hmn;ters were obtained (weaned) from Charles River at 6. weeks of age ’
and breed at 12 weeks of age. Pregnant females were randomly assilgned to one of two
groups. One group received water with no additives. The other group received ethanol (10%
v/v, 200 proof) in the drinking water 'beginning on day 5'of pregnancy until day 15. On day
15, of a 16 day gestation period, thé dams were anesthetized via an intramuscular injection

of ketamine/xylazine. Fetuses were taken and sacrificed to obtain pancreatic tissues.
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Dissected pancreatic tissue was placed in 1 ml cryogenic tubes, snap frozen in liquid

. nitrogen, and stored in a freezer (Cryo-Fridge; Baxter Scientific Products) at -80°C.

II; Pancreatic cell lines |

ﬁmm pancreatic carcinoma cell lines (Panc-1, AsPC, BxPC-3, Capan-1) were
obtained from the American Type Culture Collection (Manassas, VA) and maintained at 5
% Cdz in T-75 ml culture flasks in media-recommend‘ed‘by ATCC. All cell lines are
adherent cells. Panc-1 cells were maintained in DMEM (4.5 g glucose per liter) with 10%
FBS. - AsPC cells were mélintained in RPMI 1640 (without glutamine) with 20% FBS.
BxPC-3 cells were maintainéd in RPMI 1640 (without glutamine) with 10% FBS. Capan-1
cells were maintained in RPMI 1640 (without glutamine) with 15% FBS. Basic media
(DMEM and RPMI 1640) was purchased (Biofluids; Rockville, MD); FBS (Blioﬂuids), L-
glutamine (Biofluids), and penicillin/streptomycin (were purchased and added separately.
Penicillin/streptomycin were added at a concentration of SQ,OOO units/50,000 mg per 500 ml
of media. Glutamiine was added at ;1 concentration of 5 ml of 200 mM solution for a final
concentration of 2 mM.

Cells were passed when 90% confluent. When passing, media was suctioned from
flask. Cells were washed with 6 ml of PBS. PBS was 'Suctiongd'from the ﬂz;sk. One ml of
trypsin was added and the flask was gentlely swirled to aliow coating of the cells with the

| trypsin. Flask was placed on a hot plate at 37°C until cells were fﬁlly loosened. Five ml of

culture media was then added to ﬂie:ﬂqsk." ‘The media was pipetted vigorously to wash cells
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- from flask wall, thoroughly mix the cells, and break up cell clumps ‘One to l 5 ml of cell

suspension was then added to new T-7 5 ml culture ﬂask

IIL Mernbrane preparation
N Pooled tissue (ﬁozen) from at least 6 female hamsters per treatment group were. used

Frozen t1ssues were qurckly werghed and suspended in 1 ml of cold buffer (5 mM Tns/ 5

mM EDTA pH 7) contannng 10,ug/ml of the followmg protemase inhibitors: benzamidine,

o Asoybean trypsm inhibitér, and leupeptm (Slgma St. Louis, MO). T1ssue was homogemzed )
.- at 8, 000 to 10 OOO RPM w1th a tlssue homogemzer (Tissue Tearor model 985-370 Blospec
| Products) for 10 seconds re-suspended in5/5 buffer and centnﬁJ.ged at 19 000 rpms for 10 |

i mmutes at 4°C Supernatant was removed by s1mp1e decanting. Pellet was resuspended in
~ cold 75/5/2 buffer (75 mM Tns/ 5 mM MgC12/ 2 mM EDTA, pH 7) w1th protemase ‘

B 1nh1b1tors as in 5/5 buffer Pellet was resuspended ina ul volume equal to 10 tunes the

4 ongmal we1ght of tlssue in mg Th1s mlxture was vortexed by v1gorous plpettmg and kept .

. on 1ce 'The membrane/ buffer suspens1on was then filtered through a nylon mesh ﬁlter o

- (Specnum M1crogon Spectra/ Mesh macroporous ﬁlter Lagtma Hills, CA) 1nto a cold' L

comcal tube.. A 100 ,ul sample was taken and saved for: protem evaluatlon The remarmng o
membrane rmxture was ahquoted as approxrmately 500 /,Ll samples were into cold 1 ml cryo o
_ tubes, snap frozen’m 11qu1d mtrogen and stored at 80 C until further use.
Snmlarly for cell lmes‘ cultured cells were grown to conﬂuency in T-75 ml culture' .’ :
| ﬂasks Then cells were washed w1th PBS 10 mls of cold 5/5 lys1s buffer was added to the

o : ,ﬂasks The cells were collected mto the cold buffer by scrappmg the bottom of the culture ‘
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flask with a disposable cell scraper (FisherBrand)

Cell suspens1ons were centnfuged at 19 000 RPM (same as the fetal trssues) for 10 ‘H
‘mrnutes at 4°C The ‘supernatant was removed by decantlng and the pellet was resuspended
in 10 mis of cold 5/5 lysis buffer and kept cold Th1s mrxture was homogemzed for 8-10
. seconds using a tissue homogemzer as wuh the fetal tlssues The m1xture was re-centnfuged

at 19,000 RPM. (same as the fetal trssues) for 10 mmutes at 4 C The supematant was

" removed by decantmg The pellet was resuspended in 1 O ml cold 75/5/2 buffer A 100 W

' sample was taken and saved for protem evaluatlon The remalmng membrane rmxture was
aliquoted as approxunately 500 1 samples were 1nto cold 1 ml eryo tubes, snap frozen in

liquid nitrogen, and stored at -80°C until further use.

IV. Protein Eyaluatfon

Protem standards were prepared in 75/5/2 buffer (see above sectlon) usmg an albumn
_ standard (bovine serum albumm fractlonV putchased as v1a1s w1th 2.0 mg/ml ina 0 9% |
aqueous NaCl solution contalmng sodmm a21de Pierce Rockford Illln01s) Concentratlonf '
of standards prepared were 0 pcg, 10 ug, 20 ug, 40, ug, 60 j72:8 80 gg, 100 ng, and 120 /.Lg -
BCA Protein Assay Reagent was prepared by mrxmg 1 part Reagent B (P1erce Rockford '

Illmo1s) to 50 parts Reagent A (Plerce Rockford, Ilhn01s) To 12 X 75 mm borosrhcate glass‘,

culture tubes was ‘added 100 ul of each standard and 100 ,ul of the unknown protem samples" L

" to be analyzed To these 100 ,ul samples was added 2 ml of the BCA Protem Assay Reagent
Sample was vortex_ed after.addltlon of the Reagent. Samples were mcubatedjat 37° C for 30 .'

minutes. Absorbances of each standard was read in cuvettes at 562 nm using a quantitative =
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program on UV-visible light recordiﬁé spectrophotometer (Shimadzu Corporatioh; Kyoto,
‘Japan) The spectrophotometer generates a standard curve. The absorbance of each
unknown is read in a similar manner. The spectrophotometer generates protein
concentrations in g/100 il for each unknown based on the standard curve. Buffer (75/5/2)

was used as a blank.
V. Saturation Binding Assays

In brief

Thes;e assays were performed in a total volume of 250 w1 containing 5 ug of proteiﬁ
at room temperature for a 45 minute incubation period. The selective ligand for B-adrenergic
receptors ['Z’I]-(-)lodocyanopindolol (CYP) (NEN) was used at concentrations ranging from
2 pM to 220 pM to establish .a saturation curve. Specific binding was calculated by -
subtracting binding 1n the presence of an excess concentration (160 mM) of the B-specific
antagonist Alprenolol (T.Cookson). The assay was performed Wit}.I' triplicate samples with |
each,data point in the saturation isotherm representing the mean value of the triplicate
samples. The assay was terminated by the addition of 2 ml of cold 10 mM Tris buffer and

harvesting of the membranes on to Whatman GF/C filters by vacuum filtration with a
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Brandel Cell Harvester. The filters were washed 3 times with 2-3 ml of cold 10 mM Tris

buffer and radioactivity was counted on a Packard gamma counter.

- Basic procedure

The assays were performed in 12 x 75 mm borosilicate glass tubes (Fisher Scientific).

There were 6 tubes per assay set. Each assay set represented a given assay concentration of

radioligand. The tubes were labeled according to radioligand concentration. The first .

triplicate in a given set were for total binding and contained radioligand and ultrafiltrated -

sterile water. The second triplicate in a given set were for evaluation of nonspecific binding
and contained radioligand and alprenolol at 100 mM.
Five or 10 ul of the stock radioligand (CYP) solution was counted to determine cpm/

11 (counts for the day) and take into consideration any decay. This valve was used to prepare

.dilutions of CYP: Prior to making dilutions, theoretical valves of cpm/ 25 ul and cpm/ ul

were determined for each concentration of CYP to be used. The amount of CYP to be used

for a given dilution was determined using the following formula:

(Total volume of isotope solution in u) X (theoretical cpm for given concentration/ul)

Counts for the day in cpm/pl
The dilutions were prepared in 75/5/2 buffer with proteinase inhibitors (see membrane
preparation section). After preparing dilutions, 25 ] of each dilution was counted in a
gamma counter. Concentrations (generally in pM) were determined for each cpm valve.
These dilutions were protected from light until ready for use.

A stock concentration of Alprenolol was prepared so that 25 11 of that concentration



R would give a ﬁnal concentratlon of 100 mM ina ﬁnal assay volume of 250 ul The solutlon f :

* was made using ultrafiltrated stenle Water - R ; l |
 The ﬁnal item Iirepared on for an assay was the membrane solutlon The membrane
R solution was“prepared m 75/5/é buffer w1th brotemase mlnbltors (see above membrane.
preparation section) for a volume of 200. ul for each assay tub’e., Total number of tubes n .
. theassay ‘plus 20% was multiphedby 200 todetennine‘—total volume of membrane ‘solution ,
- needed. Based on the ug/ ul protein 'concentration determination, the voIMe of membrane

- ; preparatlon (ﬁnal membrane preparatlon frozen at -80°, see above “under membrane

- preparation) was calculated 50 each assay tube would contain 5 ug protem This volume was :
‘added to a cold 5‘0‘ ml comcal tube on ice. The total volume of membr_ane solution 'was
subtracted from the volume of membrane protein added to deteirnine _volume of 75/5/2 bufi‘er-
* (with proteinase inhibitors, see above ‘,seetion)l needed.

A imrhber‘of eniyme/metabolic inhibitors vvere added to the membrane solution.
Serotonin hydrochloride (Sigma) at an assay concentration of 10 uM was. used to block
| potentlal bmdmg of [‘251] CYP to serotonin receptors Pargyhne hydrochloride (Sigma) was
| used at an assay concentratlon of 10 uM to block serotonin metabohsm Ascorblc acid
(Slgma) was used at an assay concentratlon of 1 mM. " Ascorblc acid mhiblts enzymatlc
break dovvn of epmephnne ‘and norepmephrine was used i n the competition assays and was
used here purely to keep‘assay conditions constant -

For assay, 200 ,ul of membrane solution was added to all tubes. Then 25 ul of
ultrafiltrate water was added to the first tnpllcate (total b1nd1ng) Then 25 ul of Alprenolol

was added to the second tnphcate. Fmally,-25 w1 of CYP was added to all tubes. The rack
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, contammg the tubes was placed ona standard vortexer to lightly vortex the contents of all
assay tubes. The rack was. placed ina shakmg water bath at room temperature for 45.
minutes. | |
Assays were termmated by harvestmg onto a GFC glass filter (Brandel Gaithersburg, '
MD) us1ng a Brandel Harvester (model MP-48R Gaithersburg, MD) To separate bound‘ :
from unbound ﬁlters were washed three times w1th 1-2 ml of cold 10 mM Tris ‘; |
hydrochlonde pH 7. 5 Correspondmg filters were placed info labeled tubes and. capped

Radioactivity of I was counted using a Packard gamma counter
VI. Coinpetition Binding Assays

Inbrief

The assays were performed in triplicate with a total volurne of 250 ul containing 5 ugof
?, protein at room ternperature ina shaking waterbath with av30 minute preincubation period
| for rnembranes and cold ligandand a4s rninute incubation vperiod for assav. “flscending_ .
' ‘concentrations of agonists (norepinephrine and e'pinephrine; T.Cookson) subtype selective
antagonists (atenolol B, and ICI 118 551,B 2 T. Cookson) and NNK (Chemsyn Science |
Laboratones) competed with a s1ngle concentration of ['*I] CYP for B- adrenerglc bmdmg
' 51tes The. assay. was performed w1th tnpllcate samples w1th each data point in the .
compet1t10n 1sotherm representlng the mean value of the tnphcate samples Nonspeciﬁc |
binding was measured m.the presence of e)_(cess concentratlons (100 M) of alprenolol (’l“. '

- Cookson). The assay "vv‘as’temiinated by the addition of 2 m! of cold 10 mM Tris buffer and
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harvesting of the membranes on to Whatman GF/C filters by vacuum filtration with a

Brandel Cell Harvester. The filters were washed 3 times w1th 2-3 ml of cold 10 mM Tris

buffer and radioactivity was counted on a Packard gamma counter.

Basic procedure

The assays were performed in 12 x 75 mm borosilicate glass tubes (Fisher Scientific).
There were 3 tubes per assay set. Each assay set representéd a triplicate of a given assay
concentration of unlabeled compgting ligaqd. The tubes were labeled according to
competing concentratiox_l. A ﬁpal triplicate was added to measure nonspecific binding and
consisted of alprenolol as the unlabeled competing ligand.

Five or 10 1] of the stock radioligand (CYP) sélution was counted to defelmine cpm/
11 (counts for the day) and take into consideration any decay. This valve was used to prepare
a dilution of a 300 pM CYP. Prior to making this dilution, a theoretical valve of cpm/ 25 1
and cpm/ ] was determined for this concentration of CYP to be used. The amount of CYP
to be used for a this dilution was determined using the following formula:
(Total volume of isotope solution in 1) X (theoretical cpm for given concentration/ul)

Counts for the day in cpm/ul

The dilution was prepared in 75/5/2 buffer with proteinase inhibitors (see membrane
preparation section). After preparing the dilution, 25 1] was counted in a gamma counter.
The concentration was determined to make sure it was close (within 10%) of the target
concentration. This dilution wﬁs protected from light until ready for use. The concentration

of radioligand _used in the competition studies with atenolol and ICI, 118,551 was 300 pM.
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The radioligand concentration used in the competition studies with epinephrine,
norepinephrine, and NNK in the untreated fetal pancreas was 112 pM. The concentration
of fadioliga.nd used in the competition study with NNK in the ethanol treated fetal pancreas
was 44pM.

Following the preparation of the CYP dilution. Dilutions were made for the
competing ligand from an initial stock solution. Dilution concentrations were made to give
specific resulting concentrations using a volume of 25 .l in a total volume of 250 u1. -

Serial dilutions were prepared for the competing ligands to be used. Dilutions were
prepared in sterile water from an initial stock solutioﬁ which was made fresh on the day of
the assay. In the preparations of NNK, the dilutior‘ls were kept warm (37°C) to insure
compoﬁnd remained in solution. Dilution ;:oncentrations used were those that would result .
ip the desired assay concentrations added as é. volume of 25 1] into a total volume of 250 1.
Table 1 (appendix B) lists the dilutions used and assay conce;ltrations achieved.

The ﬁnal‘ item prepared for an assay was the membrane solution. The membrane

solution preparation was the same as for the saturation binding assays (see above). The same

| enzyme/metabolic inhibitors were added to the membrane solution as in the saturation

assays. In addition, to the ascorbic acid, serotonin hydrochloride, and pargyline,
anﬂﬁobenzotﬁazole (assay concentration of was used in assays with norcpinephriné and
epinephrine and metyrapone (a cytochromevp45. 0) (Sigma) was used to assays with NNK at
an assay concéntration of 1uM to inhibit metﬁboiism of NNK. The membranes with these
inhibitors were kept on ice for 5 minutes pﬁor to using in the assay.

For each assay, 4200/11 of membrane solution was added to all tubes. Then 25 ul of
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appropnate concentratlon of competmg hgand was added The rack contalnmg the tubes was
, placed ona standard vortexer to hghtly vortex the contents of all assay tubes. The rack was
placed ina shakmg water bath at room temperature for 30 mmutes After the 30 minutes,
the CYP was added to all tubes The rack of tubes was again hghtly vortexed and the rack
- was placed in a shaklng water bath at room temperature for 30 mmutes

Competmon assays were terminated the sarne as saturatlon assays by harvestmg onto
a GFC glass filter (Brandel Galthersburg, MD) using a Brandel Harvester (model MP-48R,;
Garthersburg, MD) To separate bound from unbound ﬁlters were washed three times with
1-2 ml of cold 10 mM Tris hydrochlonde pH7.5. Correspondmg ﬁlters were placed into
labeled countmg tubes and capped Rad10act1v1ty of I was counted using a Packard gamma B

counter (model Cobra 5005; Menden, CT)

VIL Cornpu‘ter Analysis of Binding Data
. Saturation and c'ompetition binding data was analyied using a software package .
ca.lled Priz'rnp(Graphl?ad SoﬁWare;)Sa-m Diego,' CA). This softivare contains built-in programs

for anialyzing radioligand binding data.

, Saturation bindin-gj A data analysis- ‘

- - Triplicate valu,es in cpm were entered"for,ea‘ch tgiven concentration of radioligand.
- The values m cpm for total binding (radioligand bmdmgm pre'sence:.of water) were placed
in one cohunn set (asY values) for each corresponding rzididiéaindiconcentration (X values)

(given in molar units). In a similar *-rnanner, the values in cpm for nonspecific binding
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(radioligand'binding in~presenee of excess unlabeled ligand) were placed in the adjacent
column set Counts per mmute represented cpm/ 5 mg. The cpm/ 5 mg was converted to

cpm/mg by transformmg the data usmg the equatlon Y*K where K equals the factor 200.

. The data was further transformed ﬁom cpm/mg to fmole/mg by transformat1on using the

equatron Y/K where K equals the factor 3418 8. Radrohgand concentratlons were

.transformed from molar umts to log molar umts The computer generated means_of each‘

Atnphcate and plotted the data ina graph | | o | |

| For spemﬁc bmdmg, the computer subtracted the means for the total and nonspeclﬁc .

E bmdmg counts at each given concentratron of radrohgand Th1s data is plotted on the same
: ;graph as for the total and nonspec1ﬁc data

Curves were generated by the computer for total specrﬁc‘ and nonspec1ﬁc by ﬁttmg'

'the data usmg nonlmear regressmn Th1s analy31s also calculates K, (afﬁmty of the L

. radrohgand) and Bmax (number of receptors)

‘ .gzompetition binding data 'analysis_;" o

’ ‘Triplicate valves in cpm (Y>values')‘v-vere entered for each.given concentrati'on' :of -

" competing liga‘nd (X values.).’ Radioligand concentrations Were' transformed from molarunits ~

to log molar units, The computer generated a mean cpm value for each tnphcate and ‘plotted )
the data ina graph | |

The_graph was examtned ,’to determl‘ne“the concentration' at which- the competing
ligand' began to compete with ‘the radio’ligand' (i.e.v at which point the cornpetition curve |

started to drop). . This information was used to further transform the data to reﬂect'the t
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percent binding of the radioligand at any given concentration.

Competition curves were fitted to the data using nonlinear regression. The data was
examined to determine whether a one-site or a two-site competition. model was more
appropriate. The computer program generates an ECs, (concentration of the receptor that
competes for half the specific i)inding) and K; (affinity of the competiﬂg ligand for the

receptor).

VIIIL. Molecular Studies
RNA isolation

RNA was isolated from fetal pancreéticf tissues and human pancreatic
adenocarcinoma cell lines ‘using _guanidine isothiocyanate (GIT)/ cesium chloride and
overnight centrifugation (MacDonald, 1987);

A GIT buffer solution was preﬁaréd by mixing 47.2 g GIT and 1 ml 3M sodium
acetate (pH 7) to a final volume of 100 ml of sterile water. The final GIT concentration was
4M. The GIT bpffer solution was sterile ﬁltered through a disposible tissue culture filter unit
with a 1 mm filter (Nalgene). A CsCl buffer solution was frepared by mixing 95.97 g CsCl
(final concentration 5.7M), 1 ml 3M sodium acetate (pH 7), and 2 ml 0.5M EDTA (pH 8)
with sterile water to a final volume of 100 ml. The CsCl buffer solution was sferile filtered
through a 0.8 xm filter.

Pancreatic fetuses from 3 pregnant hamsters from two groups were utilized. (Tissue

had been harvested previously and stored; see transplacental hamster model in materials and

methods section of this chapter.) The frozen tissue was weighed. (Resulting weights were
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0.235 g for nontreated pancreases and 0.314 g for ethanol treated pancreases.) Tissue of 5.
given treatment‘ was placéd in 2 mortar and pestle with liquid nitrogen and ground to a
powder. Ground tissue with remaining liquid nitrogen was added to a sterile conical tube.
Following the evaporation of the liquid nitrogen, 8 ml of GIT was added to the conical tube
* with tﬁe ﬁssue. The ground tissue in GIT was homogenized at 25,000-30,000 RPM using
a tissue homogenfzer (Tissue Tearor, BioSpec Products).

For cultured cell lines, cells Were scraped from bottom of flask and well mixed into
the media w1thm the flask. Medfa and cells were transferred to a sterile 50 ml conical tube
and centrifuged at 1800 RPM for 3 minutes. The media above the cell pellet was discarded.
The pelleted cells were resuspended in 25 ml of PBS and re-ceritrifuged at 1800 RPM for 3
minutes. The PBS was diséarded. The cell pellet was dissolved ih 8 ml of GIT. °

vThe remaining procedures were the same for both tissue and cultured cell lines.

The resultant fluid (after addition of GIT) was then drawn and aspirated several timgs
through a 20 g' needle attached to a 30 ml syringe. A Seton centrifuge tube (Seton Scientific;
Los Gatos, CA) was prepared for each sample by adding 4 ml of CsCl buffer to each tube
needed. The sheared cell solution was added to thé centrifuge tube by expeliing the solution
from the 30 ml syringe along the inner wall of the centr@fuge tube just above the level of the
CsCl. GIT was added until the fluid level reached the very top of tﬁe tube. The Seton tubes
were placed in a swinging bucket rotor in a balanced mmgeﬁent and centrifuged at 30,000
RPM (111,000 G) at 20°C for at least 23 hours.

Foliowing centxiﬁlgation; each ﬁbe was carefully removed under a desig11a£ed RNA

hood. The supernatant was removed by aspiration using an autoclaved RNA pipette. Fluid
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was rernoved until reaching 0.5 cm of the tube base. This 0.5 cm,base' was removed from
the rema.rnder of the tube witha stenle razor blade The remamrng supematant was removed
usmg a P 1000 p1pette w1th an RNA certlﬁed tip, bemg careful not to d1sturb the small

translucent RNA pellet at-the bottom of the tube base The pellet was. resuspended in 300 -

ulof 0. 3M sod.lum acetate by p1pett1ng up and down and scrapmg s1des of tube with plpette S

) t1p ‘The. resuspended RNA was transferred to a stenle l ml Eppendorf tube onice. The

Seton tube base was re-washed usmg 100 ul of 0 3M sodrum acetate. This remammg fluid

- was transferred to the 1 ml Eppendorf tube on ice. The 1 ml Eppendorf tube was gently

P ﬂ1cked to mrx contents The RNA wrthm the 1 rnl Eppendorf was prec1p1tated by addlng 100.

.f'/,tl of 100% ethanol and placmg the sample ina freezer at-80°C for at least 15 mmutes The-

‘ ﬁ'ozen precrprtated RNA was then centnfuged in rmcrocentnfuge at 14, 000 RPM at 4°C for

K 10 mlnutes _The supematant was asplrated The pellet was washed by the add1t10n of 100

/.tl of 80% ethanol and re-centnfugmg at 14 000 RPM at 4° C for 5 minutes. The supernatant

was asprrated The RNA pellet was resuspended in SO/A of cert1ﬁed Dnase/RNase free water

o (Prornega MadJson WI)

To measuré the RNA concentratlon 3 ul of the RNA sample was added to an quartz
¥ cuvette containing 297 ul of -nuclea‘se free Water. The RNA was geritly mixed by placing
parafilm ouer the top of the cuuette and gently inVertlng several t’imes.: The concentration
was dete"rmined by:'m‘easuring the’ optical density (OD) at 260 nm and 280 nm using a
‘ Photometnc program on a UV-v1s1ble light recordrng spectrophotometer (model UV-160;

Sh1rnadzu Corporatlon Kyoto J apan) Formula used to determine RNA concentration was

.as follows:
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OD at 260 nm X dllutron factor X OD constant for RNA

The d11ut1on factor used was 100 The OD constant for RNA 1s 40

. RNA punﬁcanon

‘ ﬁ N RNA from all samples were punﬁed of any potentlal contarmnatmg genomw DNA
, using the DNase I techmque descnbed by Amblon (Austm TX' Bauer 1997' Dixon, 1998). -

The reaction was performed under a PCR (polymerase chain reactlon) hood The reactlon

utlhzed 2 u.g of RNA (prev10usly frozen) To the RNA was added l ,ul of DNase I lOX

- buffer, 1 /,tl of DNase I solutlon, and a volume of nuclease free -water (cert1ﬁed Rnase/ DNase .
free water Promega) to glve a ﬁnal reactlon volume of 10 ul. The mlxture was mcubated
for 15 mmutes at room temperature The reacnon was. termmated by the add1t10n of l ,ul of .

.25 mMYE.DTA to the tube followed by 1ncubat10n for 10 minutes at 65 °C.

Reversevtranscriptio.n’ (R"Tl o S

. ‘ Ruﬂﬁed RNA was reverse transcribed 'i‘nto' complementary DNA (chA) using the
techmque descnbed by Amblon (Aust1n TX Farrell '1997; Farrell 1993 Innis, 1990) usmg
the RETROscnptTM k1t Each RT react10n ut111zed the reactlon tube and contents from the |
RNA punﬁcanon step (above sectlon) with 2 ug of RNA l ul of DNase I 10X buffer 1 ul
of DNase I solutlon and a volume of nuclease ﬁ'ee water (certlﬁed Rnase/ DNase free water

Gibco) ina ﬁnal volurne of 10 ul To this punﬁed RNA solut10n was added 2ul of ohgo(dT)
12 18 pnmers (Gibco, Galthersburg, MD supplied at a concentrat1on of 0. 5 mg/ml) The

‘ solutlon was mcubated for 3 mmutes at 82 °C and then 1mmed1ately placed on ice. To this
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mixture, 200 U (1.1) Moloney-mouse leukemia virus reverse transcriptase (Gibco), 40 U (u1)
Rnasin ribonucllease inhibitor (Promega), 2 /.tl. 10X Buffer (100 mM Tris-HCl pH 8.3, 500
mM Kcl, 15 mM MgCI2; Ambion), 10 mM (2u1) DTT, and 0.5 mM (1 wl) eac;h of dGTP,
dATP, dCTP, and dTTP for a final voiume of 20 ul. The reaction mix was incubated at
37°C for 1 hour and then heat inactivated for 10 minutes at §2°C. A negative control
reaction was prepared in the same way vﬁth 1 ul'nuclease free water (Promega) instead of
M-MLV reverseA transcriptase. The final RT product was either frozen at -20°C until use or

immediatel_y used for the polymerase chain reaction (PCR).

Polymerase chain reaction

The amplification of cDNA: was accomplished using the technique described by
Ambion (Austin, TX; Farrell, 1997; Farrell, 1993"; Innis, 1990) using the QuantumRNA™
kit. Each PCR reaction utilized 5 wl of the 20 ul cDNA generafed from RT reaction (above
section). To'-this was added 2 u1 (0.2 mM) dNTPs, 5 x1 10X PCR buffer (100 mM Tris-HCl
ph 8.3, 500 mM Kcl, 15 mM MgCI2), 0.25 nl (1.25U) SﬁperTaq polymerase (Ambion), 2.5
w1l (5%) DMSO (molecular grade;.Sigma). Each reaction received either 7 or 5 w1 of a gene
specific primer mixture (5 mM forward/ 5 mM reverse) and/or 0.75 ul of a cyclophilin
primer mixture (provided by Arnbfon, used as an internal control for a.tﬁpliﬁcation of a
moderately expressed “housekeeping” message). A volume of nuclease free water was

added to bring the final reaction volume to 50 1. Primers used for human f, and f,

adrenergic receptors were obtained from published sources (§,, Inl-Vahl, 1995; B; Fugi,A

1997). The forward and reverse primers for B, were CAA GTG CTG CGA CTT CGT CAC
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C and GCC GAG GAA ACG GCG CTC, respectively, and resulted in a 159 base pair
product. The forward and reverse primers for B, were ACG CAG CAA AGG GAC GAG
and CAC ACC ATC AGA ATG ATC AC, respectively, and resulted in a 401 bése pair _
product. Cyclophilin internal control produced a 2'16 base pair product. For control
purposes, RT-PCR was also completed with'RNA derived from Chinese Hamster ovéry.
lines transfected with the ﬁmnm B; (Rex50 cell line) and B, (NBR29 cell line) genes.
RT/PCR products, mcludmg controls, were visualized using agarose gel
elecu'ophores1s A 2% agarose gel was prepared by addmg 2 g of regular agarose to 100 ml
of TBE (1X). The agarose was dissolved in the TBE by microwaving for 3 minutes-until the
solution was just beginﬁng to boil. Mixture was gently swirled and slightly cooled. The

agarose gel was supplemented with ethidium bromide at a concentration of 1.1 ethidium

bromide per 10 ml of agarose gel solution prepared. Gel lanes were loaded with a mixture

/

of 20/.41 of PCR product and 2.1 loading buffer (SPrime-->3Prime, Inc.; Boulder, CO). A
marker lang was loaded with a mixture of 3.0 u1 of a 100 base pair DNA ladder (Gibco), 1
ul loading buffer, and 7 ul water. Gel electrophoresis was perforrﬁed at 75 volts for 2 hours.
The bands were visualized With ultraviolet light using a UVP GDS 7500 (Upland, CA).
Bands to be sequenced were sliced ‘from the gel with a clean razor blade while visualizing
uﬁder uv ﬁght. The DNA bands were purified of primers using‘ the GENECLEAN kit from ‘

BIO 101(LaJolla, CA).
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DNA sequencing

Sequencing was perfon‘ne‘d by Dr. Neil Quigley at the University of Tennessee

. Molecular ]B1olo gy Resource Fac111ty The DNA sequencing was performed with an ABI

Prism Dye Termmator Cycle Sequencmg reactlon klt (Perkms-Elmer, Inc.; Foster City, CA)
 on an-ABI-373 DNA sequencer Imtlal (Perkms—Elmer Inc )

- Sequence data text ﬁles were compared w1th the same data d1sp1ayed in four-color
electropherograms and then edlted Sequences were compared to prev10usly published
‘GenBank sequences for human [3, vand B -adrenerglc genes and percent homology was

determmed usmg the DNASIS program , |



Chapter3: Results

CAll ﬁgures and tables are contained in appendices A and B, respectively, following

the refererice 'sectio‘n of this part of the 'dissertation..

L Saturation binding studies
Total and nonspecific ‘binding was measured in the presence of increasing
. concentrations of [ZIJCYP and a single excess concentration of alprenolol. The generated

curves for untreated fetal pancreae membrane vesicles (figure 3) and for ethanol treated fetal

pancreas membrane vesicles {(figure 4) represent rionlinear regression isotherms. The.
calculated Bmax values for the untreated and the ethanol treated fetal pancreas were 233 -

ﬁnole/mg and 328 ﬁnole/mg, respectlvely The calculated KD values were 123. 6 pM _

| (untreated) and 173 2 pM (ethanol treated) The ﬁndmgs are suggestlve of either an mcrease

in receptor number (upregulatlon) ‘Or an mcrease n receptor sen51t1v1ty to its agomsts

(sensrtrzatlon). An unparred t-test wrth Welch’s correction ,for unequal variances showed the -

receptor fumbers were not statistically significant.

L Competltlon bmdmg studles

The percent dlsplacement of [usI]CYP by the competmg 11gand was measured in the :
| presence of a smgle concentratlon of the radlohgand w1th mcreasmg concentratlons of the -

,‘comp_etlng drugs; ,_,'_Ih‘e generated curves.represent nonhnear regres,smn 1sotherms for one or
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two classes of binding sites. Equation models were assessed for the best fit based on R,
values (a‘measure of goodness of fit). Iﬂ addition to R, values, the computer program used
generated EC,, values (ECsy-1, high affinity site; ECy-2, low afﬁnity site) and K values for
each isotherm. EC;, represents the effective concentration of competitor ligand that blocked
50% of the binding of the radio]iganﬁ. K; répresents a measure of the affinity of the receptor
for the ligand. The figures for all generated recéptor b1nd1ng curves are contained within the
appendix. The legend for each figure states ﬂle ECsy, K, anlez values for each curve.
Competition assays using norepinephrine and epinephrine was completed in the
untreated fetal tissue only. Epinei)hﬂne and norepinephrine are potent agonists for -
adrenergic receptors. E;;inephrine bindmé to B,-receptors is 10-5 0 more potent than
norepinephrine. ’Nprepilnephﬁne" and épinbphﬁne exhibit about *eqﬁal binding potency to B,-
receptors. The generated curves for épiﬁéph‘rine and norepiliephn'n_e are shown in figure 5.
Both of these curves represent isotherms for 2 ciasses of bindiﬂg sites. Although an agonist
or antagonist may be site selective, a given competitor can bind to more than one subtype
but bind to each subtype at différing proportions. Norepinephrine and epinephrine
. effectively éomp‘eted against the radioligand for binding site;. At the hjgh affinity site,» both
epinephrine and norepirlephﬂne bind with equal affinity and displace at the same proportion.
Since epinephrine is a more potent binder of B, than norepinephrine, binding at the high
.afﬁnity site likely represents binding at Bz-adrenergic receptors. Approxiniateiy 25% of the
receptors appear to be f, recéptors. At the low affinity site, epinephrine was a more
corﬁpetent cqrﬁpgtitor; its curve is‘ shifted just to the right of norepinephrine. The EC;,

values (and respective K; values) for high and low affinity binding sites in the epinephrine
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cﬁrve were 561.9 pM(295.2pM) and 6.88 mM (3.6 mM), respectively. These values for
norepimpﬁririé were 461.1 pM (243.9 pM) and 25.6 mM (13.4 mM), respectively. Although
epinephrine is the more compeféﬁt combetitor at the low affmity sites, these sites likely
represent the proportion of B, receptors. This data essentially demonstrates the presence
of both B, and B, subtypes in the untreated hamster fetal pancreas.

Competition curves with selective antagonist were compieted in fetal pancreas
derived from both treated and untreated da.fns. B, and Bz subtypes were identified in both
untreated ar_ld ethanol treated pancreas. In the untreated pancreas (figure 6) in the presence
of ICI 118,551, a P2 selective antagonist, the ECy, values (and respective K; véiues) for high
and low affinity binding sites were 188 pM (53.8 pM) and 154 uM (44 uM), respectively.
These values in the ethanol treated pancreas (figure 7) were 1.9 4M (672 nM) and 1.8 mM

(644 uM). In the untreated}pancl.reas in the presence of atenolol, a P, selective antagonist,
the ECs, valueg (and respective K; values) for high and low affinity binding sites werev63 4
pM (18.6 pM) and 1’54 ,uM'(45 u#M), respectively. In the ethanol treated pancreas, a curve
was not generated for atenolol competition. Iricreasing concentrations of atenolol did not
result in effective compeﬁtion-with the radioligand. The data in the untreated fetal pancreas
confirms the data from the epinephrine and norepinephrine. "B, receptors make up
approximately ‘60% t6 70%, and the proportion of §, is approximatély 25 to 35%. These
results demonstrate that untreated fetal pancreascontained both B, and B,. Howev;er, ethanol
treatment resulted in a change in the proportions of f, tb B, subtypes. There was a decrease
in the proportion of B, and an increase in the proportion of B, with B, representing slightly

higher proportions. The curve for ICT 118,551 generated in the ethanol treated pancreas is
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shlﬁe‘d slightly to the nght of the curve generated in the untrea't‘ed panc'reas. This may in part
be due to ‘the‘ higher riumber of receptors in the ethariol :tre‘ated pancreas as demonstrated by
the saturation curves and,the, need for higher conce'ntrations‘of the cornpetitor. ‘

| Flgures 6 and 7 also show the isotherms-generated when inc‘reasing :COncentrat‘ions‘-'
of NNK were allowed to conipete t‘or binding sites. Although.competition. with NNK was
perforrned at 40 pM, comparisons can be made fn the | ECs \ralues because"the computer
- analysrs takes mto cons1derat10n the radlohgand concentratlon when computmg the ECsoand. -
K. In the untreated pancreas generated ECs values (and respectlve K1 values) for high and
low afﬁmty bmdmg s1tes were 154 nM (44 nM) and 123 mM ,uM (32 5 mM) respectlvely

These values in the ethanol treated pancreas. (ﬁgure 7) were 32.3nM (25.6 nM) and 27.1uM :

. (26 1 uM) Ethanol treatment resulted ina sh1ft in'the compet1t10n curve for NNK to the left : o

| resultmg in a lower concentratlon of NNK needed to effectrve compete for the bmdmg sites -
. at both the high and low afﬁmty 4 | |
* Results of studles in the human pancreatlc cell lmes BxPC 3 AsPC Capan-l and
fmc-l are shown in ﬁgures 8 9 10 and ll respectlvely In all cell lmes the relatlve‘ *
proportlons of Bl and [32 were s1m11ar In this factor the cell hnes are sumlar to the ﬁndmgs _
‘ in the ethanol treated pancreas Although the competltrons in. both the BxPC and the AsPC
v'cell 11ne the presence of atenolol generated nonlmear regress1on 1sotherms that best fit a
I 'smgle class of bmdmg s1tes,‘ m_spectmn of the,cur\res ,re’veal‘that at higher concentrations of
' atenblol the'curves would likely ‘fépré:sentl isotherrns for 2 ‘cla‘sses of hinding sites In all cell
llnes lCI 118 551 was the more effectlve competltor w1th smaller " ECs, values than w1th

- ,atenolol parucularly in the BxPC and AsPC cell lines. In the BxPC cell lme in the presence



67

:of ICIl 18 5 51 generated ECSO values for hrgh and low afﬁmty bmdmg srtes were 162 nM

va

" and 65 7 uM respectlvely In the presence of atenolol nonlinear regression generated a

curve best ﬁt fora smgle class of bmdrng srtes, and the ECSO value was 826 uM. In the AsPC -

o L cell hne in the presence of ICI 118 551 generated ECso values for hlgh and low affinity

;bmdmg s1tes were 9 3 ,uM and 1. 8 mM respectrvely ‘In the presence of atenolol nonlinear
_ regressron generated a curve best ﬁt for a smgle class of bmdmg sites, and the ECs, value
.was21mM | o | | l
“In general the ‘curves generated in: the human pancreatlc adenocarcinoma cell lines
a _ -re‘se‘mble those generated m'the ethan‘ol treated pancreas. Although, effective compet1t10n
w1th atenolol was achreved m these human pancreat‘ic 'adenocarclnoma cell"lines, the

effective 'c:_oncentration of atenolol. needed wasy“'quit_e,hjgh.

III. Results of molecular determmatlons (RT-PCR)

Complementary DNA (cDNA) made ﬁ'om messenger RNA (mRNA) was adequately

B amphﬁed The results of the RT-PCR studres conﬁrm ﬁndmgs in the competltron studies

in that beta-adrenerglc mRNA was detected for both B,- and B.- adrenergrc receptors in
'treated and untreated fetal hamster pancreas (ﬁgures 12 and 13), and in ‘all 4 human
pancreatrc adenocarcmoma cell lmes (ﬁgures 14- 17) In all tlssues and cell lines, ba.nds for
B2 were notably hlgher m mtensrty as v1sual1zed w1th etlndrum bromrde and UV light.
Sequences were obtamed for B, and B2 from gel-punﬁed PCR products from ethanol
treated (ﬁgure 20 [31 and ﬁgure 27 [32), untreated fetal hamster pancreas (ﬁgure 19,8 and

figure 26, Bz), and in 4 human pancre_atlc adenocarcmoma cell lines (figures 21-24, 28-31).
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Sequences were conipared with published sequences for human B,- and f§ - adrenergic
receptor genes and };ercent homology was determined. In tissues and cell lines, both B, and
' B, sequences matched within 95-100%. Figures 18 and 25 represent homology comparison
of sequences obtained from the transfected chinese hamster ovary cells. Rex 50 cell line has
the gene for ;. Homology compaﬁson of the sequence obtained in this cell line (figure 18)
ﬁatched 100% to the human [;-adrenergic receptor gene. NBR 29 cell line has the gene for
B,. Homology comparison of the sequence obtained in this cell line (ﬁgure 25) matched 99%

to the human ,-adrenergic receptor gene.
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Chapter 4: Discussion

Beta-adrenergic receptors are present in fetal hamster pancreas and in human
pancreatic adenocarcinoma cell lines (BxPC, AsPC, Capan-1, Panc-1). Both B, and £
subtypes were detected in the fetal pancreas and in the cell lines. Tﬁe'methodology used in
this chapter is Well-estal;lished (Lemc‘)ine, 1989; Lemoine, 1985; Pauwels, 1988; Delavier-

Klutchko, 1984; Thi-Vahl, 1995; Kaumann, 1985) and has been used successfully in this

laboratory (Park, 1995). Radioligand binding procedures revolutionized research practices .

in phafmacological studies. The earliest use of these techniques occured in the 1960's and
early 1970's (Lefkowitz, 1970;' Rotil, 1973). Based on the early research in the field of
radioligand binding, it became evident that high affinity antagonists would be the best
radioligands. Iodinated radioligands have been used extensive ly in B-adrenergic receptor
binding studies. ['*IJCYP is an excellent radioligand for these purposes. It possesses
nonseleétive high affinity for P-adrenergic reCeptdrs in and has very low nonspecific
interactions (Hoyer, 1982). Radioligand binding experiments require the ability to separate
free radioliganci from boﬁnd ligand (radioligand ‘associated‘ with the biologich preparation).
Vacuum filtration using glass fiber filters is one of the most efﬁcieﬁt and reliable methods
and was the method chosen for this dissertation work. |

The concentrati&ns of [*IJCYP used by investigators for competition studies varies.
It is often based on saturation déta and in many cases reflects &16 coﬁcentration that reflects

50% saturation of the binding sites by the ligand (Stadel, 1991). In the studies discussed in
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thrs dlssertatron, [‘251]CYP was used at a h1gh concentratton to insure complete saturation.

Therefore, the ED50 generated are art1ﬁ01ally hrgh g1ven that hlgher concentratlons of a

_ 'competmg hgand would be needed to effectlvely compete for the bmdmg sites.

" Prior studles evaluatmg receptor and ﬁmctlonahty with ethanol treatment used

nonselectlve agomsts and antagomsts and d1d not attempt to d1stmgulsh between B, and B,

) (Al-Nakkash 1996) In the current studles selectlve antagomsts for ﬁl (atenolol) and 3, (ICI
.' 118 551) were used in an effort to determme whlch subtypes were present, in what -

: proportlon and if there were modrﬁcatlons of those charactenstrcs w1th ethanol exposure.

- It would appear that the hamster fetal” pancreas ﬁom darns not treat.edr with ethanol possesses

| “both Bl and [32 w1th Bl representmg a hlgher proportlon In the ethanol treated pancreas, -

atenolol d1d not effectlvely compete for b1nd1ng sites. The curve for ICI 118 551 was
shrﬁed to the nght These data suggest that the B1 subtype 1s downregulated In addltlon
given the saturation data- wh1ch revealed hrgher numbers of receptors although not
statrst1cally not s1gmﬁcant1y drfferent in the ethanol treated membrane preparatlons thanin
the untreated the data further*suggest that the numbers of B, receptors.mcreased. The curve
for ICI 118, 551 was shlﬁed to the nght wh10h would suggests that the affinity both receptor

subtypes decrease However the overall h1gher numbers of receptors could partially explain

this apparent shlﬁ in the curve of ICI 118, 551 since of hlgher concentratlon of the competing

hgand ‘would be needed to effectlvely compete for bmdmg s1tes
In the RTPCR studles, based on v1suahzat10n of 1ntens1ty of the generated bands a
h1gher concentratlon of B2 mRNA as opposed to [31, was detected in both the ethanol treated

and untreated pancreas In add1t10n both treated and untreated fetal pancreas appeared to
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have mRNA for B, and d1fferences in levels based on band mtens1ty, appeared to'be the
_‘same The reason for thls is not known Based on the b1nd1ng data, the increase in the -
~ mRNA for [52 over that of [;1 was ‘expected However, one would expected an increasein
the mRNA for [31 in the untreated pancreas The amount of mRNA expressed in a tissue does
not necessanly need to correlate -.w1th the amount of protem (in . this. case number of
‘functlonal receptors), although generally it is presumed to be the case. In add1t10n these' '
studies were gerneral RTPCR studles only des1gned to detect the presence of mRNA Future :
. studres in this laboratory w111 address whether there is a difference in the relat1ve amounts
. B, and B, for the dlfferent treatment groups using a procedure known as relative RTPCR.
jIn relatlve RTPCR mtens1ty of the gene specrﬁc cDNA products are compared with
eachother followmg standard12at10n w1th ISS (an mtemal control housekeepmg gene) Thls ’
standard1zat10n controls for expenmental vanatlon (1 €., the amount of startmg matenal
p1pett1ng errors, etc.). Therefore this procedure allows for d1rect companson of RTPCR
samples
One of the most nnportant ﬁndmgs in these rad1011gand bmd1ng studies, in relatlon
to the thesis’ top1c is the ev1dence that the generated curve for NNK shlfted to the left in the
ethanol treated fetal pancreas compared to the untreated. This shift is evidence at the high
and low‘afﬁnitv binding sites.‘ It.is not completely clear from the assavs whether NNK is
‘binding to B, sites orPB,’ sites.l ; The assays were not deslgned to determine this fact.
| However g1ven the fact that there has been an apparent downregulatlon of the B, sites, NNKY
" could be bmdmg preferenually to ﬁz srtes However usmg a drfferent study design, binding )

of NNK to either receptor could prehaps be demonstrated In other words NNK itself may
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not have a preference for a certain subtype and this biologic response could be a function of
tissue type. In addition, the following notion is perhaps equally tantilizing. There are higher
number of binding sités in ethanol treated pancreas as evidenced by the saturation data, and
as stated earlier, that could result in higher concentrations needed for a competing ligand to
effectively compete. However, ig the case of NNK this factor did not appear to limit its
ability to compete. Although, the concentrations_of radioligand used in the ethar;ol' and
untreated fetal pancreas studies were different, the computer analysis uses the KD (affinity
of the radioligand t;or the recepfor) and thel‘concentration of radioligand used to compute thg
EC50 for a competing ligand in a competition study. In additiop, the NNK curve is shifted -
to the left of the curve géneréted with ICI 118,551. Itis p6tentia11y possible that with ethanol
treatment that a receptor could be altered in such a way that affinity of a given ligand could
be altered as well. Changes in the éensitivity of B-adrenergic r'eceptors’ (desensitization-
decreased sensitivity and sensmzatlon-mcreased sens1t1v1ty) has been documented (Perkins,
1991). Furthermore, if that wete the casé and resulted in a higher afﬁmty of a carcinogen
for that receptor, this change would be s1gmﬁcant in terms of carcmogemc potentlal

In regard to the studies conducted in human pancreatlc adenocarcinoma cell lines, the
data obtained in this dissertation support‘ previous ﬁndin;gs (Al-Nakkash, 1996). The
multiple human pancreatic adenocarcinoma cell lines studied were found to. have -
adrenergic receptors. The previous study did not distinguish between spbtypes. Based on
the studies pr;esented in this docment utilizing subtype specific aﬁtagonist, these gell lines
were found t? possess bothl B, and ﬁ;, with B, repre;enting the predominant subtype. BxPC-

3 cell line had the best competition results; this finding was also evident in the study
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conducted by Al-Nakkash, et al (1996).

The RTPCR studies in these cell lines confirmed the ﬁﬁdings of the radioligand
binding studies on one level, mRNA }fqr botﬁ subtypes were expressed. Although, as stated
earlier, the expression of mRNA does not necessarily confirm the expression of the
corresponding protein, this may explain why the bands for 1 were less in intensity to those
for B2 in the untreated fetal tissues. Messenger RNA for the human B, and B,-adrenergic
receptor genes was expresséd in each cell line. The band for B, was greater in visual
intensity compared to 3;. Relative RTPCR will be conducted to determine differences.

The findings of beta-adrenergic réceptors in the fetal pancreas and in the human
pancreatic adenocarcinoma cell lines are important with respect to this thesis. If beta-
adrenergic receptors are to contribute a functional role in any ;tep of the carcinogenesis
process, they need to be present in the tissue of interest. These studies presented in this
document were designed primarily to ﬁlem0nstrate the presence of these receptors. Assays
that determine adenylate cyclase activity as a function of cAMP formation are most oﬁen
used to demonstrate functionality of beta-adrenergic receptors. 'i‘he studies presented here
‘suggest a certain amount of functionality in the sense that mRNA is transcribed: from the
appropriate genes and is apparently then translated into protein forming a receptor capable
of binding receptor specific agonists and antagonists. The formation of cAMP. may not be

the only determinant of functionality of beta-adrenergic receptors. There is increasing

evidence, particularly in the cardiovascular literature, that activatin of beta-adrenergic
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receptors can actlvate a number of phosphohpases, 1ncludmg phosphohpase Az and
phosphohpaseD (Borda, 1998 Rua.n 1997) The potentlal 1mportance of th1s pathway will

“be d1scussed bneﬂy in chapter 4 (ﬁnal summary)



75

Literature Cited

Al-Nakkash, L, Simmons, NL, et al. Adenylate cyclase activity in human pancreatic
adenocarcinoma cell lines. International Journal of Pancreatology 1996;19(1):39.
Borda, ES, Tenebaum, A, et al Role of arachidonic acid metabolites in the action of a 8
adrenefgic agonist on hmnaﬁ’menbcyte phagecytosis. Pros'caglar'ldir‘is= Leukotrienes and

Essential Fatty Acids 1998;58(2):85.

Delav1er-Klutchko C, Hoebeke J, et al. The human carcinoma cell lme A431 possesses

large numbers of functlonal B- adrenerglc receptors EBS Letter 1984 169(2) 151.

. Devalia, JL, Rusznak C et al Alrpollutlon in the 1990's: acause of increased respiratory - -

, d1sease‘7 Resp_lrato;y MedICIIl 1994 88: 241

Dohlman, HG, Caron, MG. Biochemistry 1987;26:2660.

Emoﬁne, LJ, Marullo, S, et al. Molecular characterization of the human beta-3 adrenergic

| receptor. Science 1989;245 :1118.

Farrell, RE. DNA amplification. Immunoi Invest 1997;26(1-2):3.




76

Farrell, RE. RNA Methodologies San Diego, CA:Academic Press;1993.

Fugu, N, Shibata, T et al. Exerc1se-mduced changes in B-adrenergic-receptor mRNA level

measured by competltlve RT-PCR. Journal of Applied Physiology 1997;82(6):1926.

Furuta, Y, Hashimoto, K, et al. B-adrenoceptor stimulation of exocrine secretion from the rat

pancreas. British Journal of Pharmacology 1978;62:25.

Hecht, SS, Hoffmann, D. Tobacco-specific nitrosamine, an important group of carcinogens

in tobacco and tobacco smoke. Carcinogenesis 1988;9:875.

y Hoffman, BB, Leﬂ{owitz, RJ. Chapter 10. Catecholamines and sympathomimetic drugs. In

In Gilman, AG, Rall, TW, et al eds. -Go,odman and Gilman’s The Pharmacological Basis of

Therapeutics New York: McGraw-Hill; 1990:84.

Hoyer, D, Engle, G,. et al. Binding characteristics of (+)-, (+/-), and (-)-
['*Iodo]cyanopindolol to guinea pig left ventricle membranes. Naunyg-Séhmiedeberg’s

Archives of Pharmacology 1982;318:319.

Thl-Vahl, R, Marquetant, R, et al. Regulation of B-adrenergic receptors in acute myocardial

ischemia: subtype-selective increase of mRNA specific for B,-adrenergic receptors. Journal

of Molecular and Cellular Cardiology 1995;27:437.



| , | 77
" Innis, M, Gelfand, D, et al (edé). PQR Protocols, A Guide to Methods and Applications San

Diego, CA:Academic Press; 1990. - -

Kaumann, AJ, Lemoine, H. Direct labeling of inyocardial B,-adrenoceptors. Comparison of

binding affinity of*H-(-)-bisprolol with its blocking potency.

Lefkowitz, RJ, Hoffman, BB, et al. Chapter 5. Neurohumoral transmission: the autonomic

and somatic motor nervous systems. In Gilman, AG, Rall, TW, et al eds. Goodman and

Gilman’s The Pharmacological Basis of Therapeuﬁcs New York: McGraw-Hill; 1990:84.

Lefkowitz, RJ, Roth, J, et al. ACTH receptors: specific binding: of ACTH-['*T] and its

relationship to adenyl cyclase. Proceedings of the National Academy of Sciences USA
1970;65:745.

Lemoine, H, Ehle, B, et al. Direct labelling of B,-adrenoceptors. Comparison of binding

potency of *H-ICI 118,551 and blocking potency of ICI 1 18,551. Naunyn-Schmiedeberg’s

Archives of Pharmacology 1985;331:40.

Lemoine, H, Novotny, G, et al. Neuronally released (-)-norepinephrine relaxes smooth

muscle of calf trachea mainly through f3;-adrenoceptors: comparison with (-)-adrenaline and

relation to adenylate cyclase stimulation. Naunyn-Schmiedeberg’s Archives of
Pharmacology 1989;339:85.



78
) Lingard; JM, Youn’g,'JA." [t-adrenergic control of exocrine secretion by perﬁ1sed rat pancreas

in vitro. Am'eri‘c_an Journal of Physiology‘ 1983;245:G690.

" Marullo, S, Emorine, LJ, et al. Selective binding of ligands to B Bas or chimeric B //Bz -

adrenergic receptors involves multiple subsites. The EMBQ Journal 1990;9(5):1471. ‘

Park, PG Merryman J et al. ﬁ-adrenerglc rmtogemc s1gnal transductlon in penpheral lung
* 'adenocarcmoma unphcatlons for md1v1dua1s wrth preemstmg chromc lung disease. Q ancer

B Research 1995 55 3504

'Perkms JP, Hauskorff WP et al Mechamsms of hgand-mduced desensmzatlon of beta-
T adrenerglc receptors InPerkms JP ed The Beta-Adrenergrc Recgptors Clifton, New Jersey

'Humana Press 1991 73

’ Pauwels PJ Gommeren, W et al The receptor bmdmg proﬁle of the new antlhypertenswe |

L “agent neb1volol and its- stereorsomers compared w1th various. [3 adrenerglc blockers :

r "-iMolecular Pharmacolo 1988 34: 843

' ’Raptls SH, Dolhnger M et a1 The effect of the ﬁ-receptor blockade (propranolol) on the

endocnne and exocnne pancreatlc ﬁmctlon in man aﬂer the adm1mstrat1on of 1ntcst1na1

. hormones (secretln and cholecystoklmn-pancreozymm) uropean Journal of Clinical

Investlgatlon 1973 3 163




19

Roth, J. Peptide hormone binding to receptors: a review of the direct studies in vitro. Metab

Clin Exp 1973;22:1059.

Ruan, Y, Kan, H, et al. Beta adrenergic receptor stimulated prostacyclin synthesis in rabbit
coronary endothelial cells is mediated by selective activation of phospholipase D: inhibition

by adenosine 3'S'-cyclic monophosphate. Journal of Pharmacology and Experimental

Therapeutics 1997;281:1038.

Ruddick, J, Gonda, M, et al. Effectst of a 3-adrenergic receptor stimulant (isoproterenol) on

pancreatic exocrine secretion. Surgery 1973;74:338.

Ruffolo, RR, et al. Alpha- and beta-adrenoceptors: from gene to the clinic. Structure-activity

relationships and therapeutic applications. Journal of Medical Chemistry 1994;38:3682.

Stadel, JM, Lefkowitz, RJ. Chapter 1. Beta-adrenergic receptors. Identification and
characterization by radioligand binding studies. In Perkins, JP, ed. The Beta-Adrenergic

Receptors Clifton, New Jersey: Humana Press; 1991:1.

Stryer, Lubert. Chapter 13. Signal transduction cascades. In 4th ed. Biochemistry New York:

WH Freeman and Company; 1995:341.



80
Vaysse, N, Bastie, JP, et al. Effects of catecholamines and their inhibitors on the isolated

canine pancreas.-Gasterology 1977;72:711.

Wilentz, RE, Hruban, RH. Pathology of cancer of the péncreas. Surgical Oncology Clinics

of North America-Pancreatic Cancer 1998;7(1):43.



" APPENDIX A

FIGURES

81




82

Oligosaccharide
L unit

A 4

N

Extracellular
side
) 0 ) 4 SIS IVIW
) "S558 N8 T | '
) Y
il « Y ]

Cytosolic
side

Figure 1: General structure of the B-adrenergic receptor. Figure taken from Stryer, Lubert.
Biochemistry, 4th ed 1995:341 (used without specific permission). (Figure legend sites
Dohlman, HG, et al. Biochemistry 1987;26:2660.) The structure has a basic seven-helix
motif. The transmembrane helices are shown in yellow. N- oligosaccharide units, located
on the extra-cytosolic side, are in green. A loop on the cytosolic side participates in the
activation of the simulatory G protein, G,.



‘Norepinephrine Isoproterenol

Figure 2: The catecholamines epinephrine and norepinephrine are the physiologic agonists
* for adrenergic receptors. Both of these neurotransmitters are comprised of a catechol ring
with an aliphatic side chain containing a nitrogen atom. Epinephrine has a higher affinity
- to B-adrenergic receptors than norepinephrine. Increasing the bulk of the N-substitutions as
in isoproterenol, and/ or lengthemng the side chain, increases the selectivity for - adrenerglc
receptors (Ruffolo, et al. ] Med Chem 1994;38:3682). The intact catechol ring is a
requirement for a-adrenergic but not p-adrenergic agonists. The heterocyclic ring of NNK
with .its alternating" single and double bonds resembles the catechol ring. Like the
catecholarnlnes NNK contains a mtrogen atom in an aliphatic sidé chain. The steric bulk
of this nitrogen atom is increased by the N-nitroso group and a methyl group, making NNK
a likely candldate for a B- adrenerglc agomst
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‘ Unrtreated'Fevt'al Pancreas
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Figure 3: Saturation Curve of'the selective B-adrenergic ligand [1251]-(-)-Iodocyanopindolol
([12SI]CYR) in cell membrane fractions from untreated fetal hamster pancreas.

Nonspecific binding was determined in the p'resencé of the P-adrenergic ligand Alprenolol -

(100 mM). The curves represent nonlinear regression isotherms. B, (measure of receptor
numbers was 233 fmole/mg. Kj, (affinity of the ligand for the receptor) was 123.6 pM.
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Figure 4: Saturation Curve of the selective B-adrenergic ligand [1251]-(-)-lodocyanopindolol
([125T]CYP) in cell membrane fractions from ethanol treated fetal hamster pancreas.
Nonspecific binding was determined in the presence of the B-adrenergic ligand Alprenolol
(100 mM). The curves represent nonlinear regression isotherms. Ethanol treatment
increased the ‘overall receptor numbers from 233 fmole/mg (untreated pancreas) to 328
frmole/mg (ethanol treated pancreas). K, changed from 123.6 pM (untreated pancreas) to
173.2 pM (ethanol treated pancreas).
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Figure 5: Results of receptor binding assays in which the neurotransmitters epinephrine and
norepinephrine competed with [125I]JCYP (112 pM) for -adrenergic binding sites in cell
membrane fractions from fetal hamster pancreas. Both competition curves represent
nonlinear regression isotherms for two classes of binding sites. The EC,, values and
affinities of the competing ligands were as follows: Epinephrine: ECy,-1: 561.9 pM, K;-1:
295.2 pM, ECy-2: 6.88 mM, K;-2:3.6 mM; Norepinephrine: ECy-1: 461.1 pM, K;-1: 243.9
pM, ECy-2: 25.6 mM, K;-2: 13.4 mM.
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Untreated Fetal Pancreas
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Figure 6: Results of receptor bmdlng assays in which s1te selective ligands for B, (Atenolol)
and B, (ICI 118,551) adrenergic receptors competed with [1251JCYP (300 pM) and NNK
competed with [1251]CYP (112 pM) for B-adrenergic binding sites in cell membrane
fractions from membrane fractions derived from untreated fetal pancreas. All three
competition curves represent nonlinear regression isotherm for two classes of binding sites.
The ligands bound high and low affinity sites. Ligand concentrations that blocked 50% of
- CYP b1nd1ng (ECs) and affinities (Ki) of the competing ligands for each-class of binding .
sites were as follows: Atenolol ECy,-1: 80.8 pM; Ki-1: 32.1 pM, ECs,-2: 4.6 mM, Ki-2: 1.3
mM; ICI 118,551 ECy-1: 188 pM, Ki-1: 53.8 pM, EG,-2: 154 1M, Ki-2: 44 ;M; NNK
EC50-1 154 nM, Ki-1: 44 nM, EG -2: 123mM, Ki-2: 32.5 mM. The R2 values for the
-atenolol, ICI 118, 55 1, and NNK curves were 0.95, 0.94, 0.88, respectively. '
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- Figure 7: Results of reéel;itor binding assays in which site selective ligands for 8, (Atenolol)

and B, (ICI 118,551) adrenergic receptors competed with [1251]CYP (300 pM).and NNK
competed with [125IJCYP (44 pM) for B-adrenergic binding sites in cell membrane
fractions from membrane fractions derived from ethanol treated fetal pancreas. The curve
for Atenolol is not shown because it resulted in a horizontal line with no effective -
competltlon mdlcatmg the apparent: amehoratlon of the B, subtype. Both ICI 118, 551 and
NNKcompetltlon curves represent nonlmear regressmn isotherm. for two classes of binding

sites. Both ligands bound high-and low affinity. sites. ngand concentrations that blocked.

50% of CYP binding (EC,) and affinities (Kl) of the comipeting llgands for each class of -
binding sites were as follows: ICI 118,551 EC-1: 1.9 uM, Ki-1: 672 nM, EC,-2: 1.8 mM,
Ki-2: 644 uM; NNK ECy-1: 32.3 nM, Ki-1: 256nM ECsy2: 27.1 uM, Ki-2: 21.6 uM. R,
values for the ICI 118, 551 and NNK curves were 0.95 and 0.96, respectlvely '
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Figure 8: Results of receptor binding assays in which site selective ligands for 3,( Atenolol)
and B, (ICI 118,551) adrenergic receptors competed with [125I]CYP (300 pM) for B-
adrenergic binding sites in cell membrane fractions from the pancreatic carcinoma cell line
BxPC-3. The competition curve for Atenolol represents a nonlinear regression isotherm for
one class of binding sites. The competition curve for ICI 118,551 represents a nonlinear
regression isotherm for two classes of binding sites. "'ICI 118,551 bound high and low
affinity sites. The predominant - adrenerglc receptor type is interpreted to be B,. Ligand
concentrations that blocked 50% of CYP binding (ECs,) for each competing ligand for each
class of binding sites were as follows: Atenolol ECy,: 826 uM; ICI 118,551 EC4-1: 162 nM,
EC,-2: 65.7 uM. The R, value for the ICI 118,551 curve was 0.99. The R value for the
atenolol curve was 0.93. '
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Figure 9: Results of receptor binding assays in which site selective ligands for {3, (Atenolol)
and B, (ICI 118,551) adrenergic receptors competed with [125IJCYP (300 pM) for f-
adrenergic binding sites in cell membrane fractions from the pancreatic carcinoma cell line
AsPC. The competition curve for Atenolol represents a nonlinear regression isotherm for
one class of binding sites. The competition curve for ICI 118,551 represents a nonlinear
regression isotherm for two classes of binding sites. ICI 118,551 bound high and low
affinity sites. The predominant -adrenergic receptor type is interpreted to be B,. Ligand
concentrations that blocked 50% of CYP binding (EC,,) for each competing ligand for each
class of binding sites were as follows: Atenolol EC;,: 2.1 mM; ICI 118,551 ECy-1: 9.3 uM,.
EC;,-2: 1.8 mM. The R2 value for the ICI 118,551 curve was 0.96. The R2 value for the
atenolol curve was 0.78. o
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Figure 10: Results of " receptor binding assays in which site selective ligands for B,
(Atenolol) and B, (ICI 118,551) adrenerglc receptors competed with [125T]CYP (300 pM)
for B-adrenergic binding sites in cell membrane fractions from the pancreatic carcinoma cell
line Capan-1. Both competition curves represent nonlinear regression isotherm for two
classes of binding sites. Both ligands bound high and low affinity sites. Ligand
concentrations that blocked 50% of CYP binding (ECs,) for each competing ligand for each
class of binding sites were as follows: Atenolol EC,-1: 86.8 nM, EG, -2: 5.8 mM; ICI
118,551 ECyy-1: 354 nM, EC4;-2: 174 uM. The R, value for the ICI 118 5510urve was 0.97.
The R, value for the atenolol curve was 0.92.
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Flgure 11: Results of receptor b1nd1ng assays in which site selective ligands for B, |

"(Atenolol) and B, (ICI 118,551) adrenergic receptors competed with [1251]CYP (300 pM)

for ﬁ-adrenerglc blndmg sites in cell membrane fractions from the pancreatlc carcinoma cell
line Panc-1. Both competltlon curves represent nonlinear regression.isotherm for two.
classes of binding sites. Both ligands bound hlgh and low affinity sites.  Ligand
concentrations that blocked 50% of CYP binding (EC,,) for each competing ligand for each
class of binding sites were as follows: Atenolol-ECsy-1: 81.5 nM, EC,, -2: 2.2 mM; ICI
118,551 EC,,-1: 832 nM, EC50-2 0. 41: mM. The Rz value for the ICI 118 551 curve was

‘ 0. 97 The R, value for the atenolol curve was 0 94
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Figure 12: Results of RTPCR for 3, in fetal hamster pancreas. The B, primer pair
produces a 159 bp product. Cyclophilinisa 216 bp. fragment. Lanes 1,2 and 6,7 represent
B, primer. Lanes 3,8 represent B, primer and cyclophilin control. Lanes 4,9 represent
cyclophilin alone. Lanes 5,10 represent negative control. Lane 11 represents positive [3,
control.
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Figure 13: Results of RTPCR for B, in fetal hamster pancreas. The B, primer pair
produces a 401 bp product. Cyclophilin is a 216 bp. fragment. Lanes 1,2 and 6,7 represent
B, primer. Lanes 3,8 represent B, primer and cyclophilin control. Lanes 4,9 represent
cyclophilin alone. Lanes 5,10 represent negative control. Lane 11 represents positive 3,
control.
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Figure 14: Results of RTPCR for , in human pancreatic carcinoma cell lines BxPC-3 and
Capan-1. The B, primer pair produces a 159 bp product. Cyclophilinisa 216 bp. fragment.

Lanes 1,2 and 6,7 represent B, primer. Lanes 3,8 represent B, primer and cyclophilin
control. Lanes 4,9 represent cyclophilin alone. Lanes 5,10 represent negative control. Lane
11 represents positive 3, control.
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Figure 15: Results of RTPCR for B, in human pancreatic carcinoma cell lines BxPC-3 and
Capan-1. The 3, primer pair produces a 401 bp product. Cyclophilin is a 216 bp. fragment.
Lanes 1,2 and 6,7 represent B, primer. Lanes 3,8 represent 3, primer and cyclophilin
control. Lanes 4,9 represent cyclophilin alone. Lanes 5,10 represent negative control. Lane
11 represents positive 3, control.
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Figure 16: Results of RTPCR for 8, in human pancreatic carcinoma cell lines Panc-1 and
AsPC. The B, primer pair produces a 159 bp product. Cyclophilin is a 216 bp fragment.
Lanes 1,2 and 6,7 represent 3, primer. Lanes 3,8 represent §, primer and cyclophilin
control. Lanes 4,9 represent cyclophilin alone. Lanes 5,10 represent negative control. Lane
11 represents positive 3, control.
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Figure 17: Results of RTPCR for 3, in human pancreatic carcinoma cell lines Panc-1 and
AsPC. The [, primer pair produces a 401 bp product. Cyclophilin is a 216 bp. fragment.
Lanes 1,2 and 6,7 represent 3, primer. Lanes 3,8 represent , primer and cyclophilin
control. Lanes 4,9 represent cyclophilin alone. Lanes 5,10 represent negative control. Lane
11 represents positive 8, control.



-46

700

150

54

800

104

850

154

900

Filel: REX50B1F

Mode: Normal 1l - 160
File2: BETAl
Mode: Normal 700 - 900

Matching Percentage (Total Window: 74%, Alignment Window: 100%)

1
AGGCGCGCCGCTGCTACAACGACCCCAAGTGCTGCGACTTCGTCACCAAC

CGGGCCTACGCCATCGCCTCGTCCGTAGTCTCCTTCTACGTGCCCCTGTG
FEEEREE R e e et et r e r e e b e e e b
CGGGCCTACGCCATCGCCTCGTCCGTAGTCTCCTTCTACGTGCCCCTGTG

CATCATGGCCTTCGTGTACCTGCGGGTGTTCCGCGAGGCCCAGAAGCAGG
PEREEREEEEE e et e b et e e e e e e b e
CATCATGGCCTTCGTGTACCTGCGGGTGTTCCGCGAGGCCCAGAAGCAGG

TGAAGAAGATCGACAGCTGCGAGCGCCGTTTCCTCGGCGGCCCAGCGCGG
PECEEEETREr e e e et bbb et
TGAAGAAGATCGACAGCTGCGAGCGCCGTTTCCTCGGCGGCCCAGCGCGG
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Figure 18: Sequence homology matching between the Rex50 (Chinese hamster ovarian cell
line transfected with human f,-adrenergic receptor gene) RTPCR product and ,-adrenergic
receptor gene sequence. Results show 100% matching within the alignment window.
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Filel: B1URXSEQ
Mode: Normal 1 - 136
File2: BETAl
Mode: Normal 724 - 900
Matching Percentage (Total Window: 75%, Alignment Window: 98%)
S0 sl SRR SRS T SRS Sists BE Sk s GGGCCTACGCCATCGCCTCGTCC 23
FETTEEEEEEEr et
724 CCAAGTGCTGCGACTTCGTCACCAACCGGGCCTACGCCATCGCCTCGTCC 773
24 GTCGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG 73
R R R R R RN R RN RN R RN
774 GTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG 823
74 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGTTGCGAGC 123
PEEEETTTEEE e bt v e ettt ety
824 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGCTGCGAGC 873
124 GCCGTTTCCTC GGt a v v e e e e et ee e eeeeeneneseeeneenneens 173
FAAL R LB DT
874 GCCGTTTCCTCGGCGGCCCAGCGCGGC e v v v v v v o e e meeeemeeeennn 923

Figure 19: Sequence homology matching between the untreated fetal pancreas RTPCR
product and [3,-adrenergic receptor gene sequence. Results show 98% matching within the
alignment window.




Filel: B1lETOH

Mode: Normal 1 - 136

File2: BETAl

Mode: Normal 724 - 900 ) )

Matching Percentage (Total Window: 75%, Alignment Window: 98%)
S0 S kin A SR AR R B R SEE G GGGCCTACGCCATCGCCTCGTCC

FEEHV R R PRE LAY R LT BT
724 CCAAGTGCTGCGACTTCGTCACCAACCGGGCCTACGCCATCGCCTCGTCC

24 GTCGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG
LEorrrrrrerrererrereerr et e e et b er et
774 GTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG

74 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGTTGCGAGC
LErrrrerterrerrrerrerr e et e e et rr e et berrind
824 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGCTGCGAGC

124 GCCGTTTCCTCGG. cvsvsesoavanspeannsnsnsoarecansnenan
PEETTEEET R
874 GCCGTTTCCTCGGCGGCCCAGCECGE o vanussanonsacensnssus
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Figure 20: Sequence homology matching between the ethanol treated fetal pancreas
RTPCR product and B,-adrenergic receptor gene sequence. Results show 98% matching

within the alignment window.
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Filel: B1BXPC

Mode: Normal s 135
File2: BETAl
Mode: Normal 724 - 900
Matching Percentage (Total Window: 75%, Alignment Window: 98%)
=R PEIE R SRR SRR e T e Sl BV GGCCTACGCCATCGCCTCGTCC 22
PA VL -BIEE o0 T
724 CCAAGTGCTGCGACTTCGTCACCAACCGGGCCTACGCCATCGCCTCGTCC T3
23 GTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG 72
YRR DR PV R P e e v r L g v b4y |
774 GTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG 823
73 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGGTGCCAGC 122
RO LR PAOL Db i bt B B 0 ekl et 1l T 4|
824 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGCTGCGAGC 873
123 GCCOTTTCCTORG .4 s o ¢ s &« B o6, s i s $#F 5 5 o wm oo dmee s 172
SEERRTANEE AN
814 GCCBITTCCIL GG ELEECAGCCEEGEE ;v s v s & o 50555, 91678 615 58 923

Figure 21: Sequence homology matching between the human pancreatic carcinoma cell line
BxPC-3 RTPCR product and f,-adrenergic receptor gene sequence. Results show 98%
matching within the alignment window.
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Filel: B1ASPC
Mode: Normal 1 - 138
File2: BETAl
Mode: Normal 724 - 900
Matching Percentage (Total Window: 75%, Alignment Window: 97%)
=26 e s R S S e S B 8 GGGCCTACGCCATCCGCCTCCGT 23
IHL O 10O O 0
724 CCAAGTGCTGCGACTTCGTCACCAACCGGGCCTACGCCATC-GCCTC~-GT 173
24 CCGTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTG 73
R R R R RN RN R RN R R RN AR
774 CCGTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTG 823
74 CGGGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGAGCGACAGCTGCGA 123
’ FEEEEEEEEEEr Tt bbb e et vty
824 CGGGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGCTGCGA 873
124 GCGCCGTTTCCTC GG v o e e et e e emeeencennenenssnsnenannnns 173
LELEEEEL
874 GCGCCGTTTCCTCGGCGGCCCAGCGCGGC e v v v v v e v ee oo vnennnnnn 923

Figure 22: Sequence homology matching between the human pancreatic carcinoma cell line
AsPC RTPCR product and B,-adrenergic receptor gene sequence. Results show 97%
matching within the alignment window.




Filel: B1CAPAN

Mode: Normal 1 - 136

File2: BETA1l

Mode: Normal 724 - 900 ) )

Matching Percentage (Total Window: 75%, Alignment Window: 98%)
B2 iR e EEE B SRR B SR &y B GGGCCTACGCCATCGCCTCGTCC

PEEEEEEr ettt
724 CCAAGTGCTGCGACTTCGTCACCAACCGGGCCTACGCCATCGCCTCGTCC

24 GTCGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG

AR RN RN RN R RN R AR NN RN RRARRRRARRY
774 GTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG

74 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGTTGCGAGC

Lrrrerrerererrrerrreeerrrerrtrerrre et et e
824 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGCTGCGAGC

124 GCCCCTTTCUTCEG . on o sibiuMioi #asds cnis Buoisd oibinle oo sinie fin

PEEEEEETEETLd
874 GCCGTTTOLTCEGCGGCCCAGCECRGC. L vis suisks flosecasvsonsans
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Figure 23: Sequence homology matching between the human pancreatic carcinoma cell line
Capan-1 RTPCR product and p,-adrenergic receptor gene sequence. Results show 98%

matching within the alignment window.
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Filel: B1PANC

Mode: Normal 5 136
File2: BETAl
Mode: Normal 724 - 900
Matching Percentage (Total Window: 76%, Alignment Window: 100%)
DD i 5o e mi s 3] e imesm ses e e 9 GGGCCTACGCCATCGCCTCGTCC 23
PEPEEEET LR Er et
724 CCAAGTGCTGCGACTTCGTCACCAACCGGGCCTACGCCATCGCCTCGTCC 173
24 GTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG 13
POLLELLEREL PR VR P B L Rl DY L) B b B VRt
774 GTAGTCTCCTTCTACGTGCCCCTGTGCATCATGGCCTTCGTGTACCTGCG 823
74 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGCTGCGAGC 123
CAR LA D B DL R v dkd DRl Dbk B Ak Bl fn gt 1R T
824 GGTGTTCCGCGAGGCCCAGAAGCAGGTGAAGAAGATCGACAGCTGCGAGC 873
128 CLCETIICCTECEG: v vivwis son dui svnds seh sdsawsds sondnsdn s 173
LA b 1
B74. - GCCGTTTCCTCGECEGLCCAGCGCGEGT o 5 v 4 o i o o 5 6566 5 & 55 5 923

Figure 24: Sequence homology matching between the human pancreatic carcinoma cell line
Panc-1 RTPCR product and B,-adrenergic receptor gene sequence. Results show 100%
matching within the alignment window.
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Filel: NBRB2F

Mode: Normal 1 =~ 203
File2: BETA2
Mode: Normal 1660 - 2000
Matching Percentage (Total Window: 59%, Alignment Window: 99%)
#LT  ssan nes ssnEs vEs B GTGTGGGTGGTGGGCATGGGCATCGTCATGTC 32
R (0 I O OO
1660 ACGCAGCAAAGGGACGAGGTGTGGGTGGTGGGCATGGGCATCGTCATGTC 1709
33 TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA 82
b AR L B RE D BRE B R B R D0 R LR R I
1710 TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA 1759
83 TTGCCAAGTTCGAGCGTCTGGAGACGGTCACCAACTACTTCATCACTTCA 132
I 00 001880 T O O RO 0O T 0 0 0 0 0 L
1760 TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA 1809
133 CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC 182
T 00 0 O OO O R
1810 CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC 1859

183 CGCECATATTCTTATGCARAAM s sivw wiw s wmyoa's oW oE e dis wess a0

PEEEERREr el
1860 CGCCCATATTCTTATGAAAATGTGGACTTTTGGCAACTTCTGGTGCGAGT 1909
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Figure 25: Sequence homology matching between NBR29 (Chinese hamster ovarian cell
line transfected with human f3,-adrenergic receptor gene) RTPCR product and f,-adrenergic
receptor gene sequence. Results show 97% matching within the alignment window.
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Filel: B2UNRX

Mode: Normal 1 - 185
File2: BETA2
Mode: Normal 1660 - 1900
Matching Percentage (Total Window: 74%, Alignment Window: 95%)
pe 7 SO SRR o S PR CAT~~=C~~CGTCATTGT 18
11 b FHELLEL )
| 1660 ACGCAGCAAAGGGACGAGGTGTGGGTGGTGGGCATGGGCATCGTCAT-GT 1709
|
19 CTCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCC 68
AEEEEEE R AN SN AR RN NN AR AR R NN
1710 CTCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCC 1759
69 ATTGCCAAGTTCGAGCGTCTGCAGACGGACACCAACTACTACATCACTTC 118
LY R B D PP i s A ECE R B b
1760 ATTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTC 1809
119 ACTGGCCTGTGCTGATCTGGTCATGGGCCTAGCAGTGGTGCCCTTTGGGG 168
Pt B R s T O 1 0T W 18 v o e Bk 0
1810 ACTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGG 1859
169 CCGCCCATATTCT TATGARAAT . &« v v vttt e s eeenncsensaseaneans 218
FIERLETERE BV L) A 1
1860 CCGCCCATATTCTTATGAAAATGTGGACTTTTGGCAACTTCT........ 13509

Figure 26: Sequence homology matching between the untreated fetal pancreas RTPCR
product and human [,-adrenergic receptor gene sequence. Results show 95% matching
within the alignment window.
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Filel: B2ETOH

Mode: Normal 1 - 171
File2: BETA2
Mode: Normal 1660 - 1900
Matching Percentage (Total Window: 69%, Alignment Window: 97%)
ST & sres e s BEG 6 B AH DB ST el ie 08 Bl Bk CATCGTCATGTC 12
BEAEtE TRl
1660 ACGCAGCAAAGGGACGAGGTGTGGGTGGTGGGCATGGGCATCGTCATGTC 1709
13 TCTCATCGTCCTGGCCATCGTGTTTGGGCAATGTGCTGGTCATCACAGCC 62
PEEEEEEREEREr ettt veeerrrererrer e
1710 TCTCATCGTCCTGGCCATCGTGTTTGG-CAATGTGCTGGTCATCACAGCC 1759
63 ATTGCCAAGTTCGAGCGTCTGCAGACGGACACCAACTACTACATCACTTC 112
O O T TS R O
1760 ATTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTC 1809
113 ACTGGCCTGTGCTGATCTGGTCATGGGCCTAGCAGTGGTGCCCTTTGGGG 162
PRI E R B B LR BT B B BERRE b B D b
1810 ACTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGG 1859
163, CCLCEENIR s ams smm i 965 8% aeine aels: el o Sall Sue &5 oei & 212
CERERREN
1860 CCGCCCATATTCTTATGAAAATGTGGACTTTTGGCAACTTCT v ev.... 1909

Figure 27: Sequence homology matching between the ethanol treated fetal pancreas
RTPCR product and human [3,-adrenergic receptor gene sequence. Results show 97%
matching within the alignment window.
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Filel: BXPCB2.SEQ

Mode: Normal 1 - 350
File2: BETA2
Mode: Normal 1660 - 2000 ) ;
Matching Percentage (Total Window: 87%, Alignment Window: 97%)
e’ i N P GTGTGGGTGGTGGGCATGGGCATCGTCATGTC 32
PEEEEEEEEE e v et
1660 ACGCAGCAAAGGGACGAGGTGTGGGTGGTGGGCATGGGCATCGTCATGTC 1709
33 TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA 82
R R R RN R R RN RN R R
1710 TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA 1759
83 TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA 132
PEEEEEEEEEer Tttt b e e e e ettty
1760 TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA 1809
133 CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC 182
AR R R R RN RN AR R RN
1810 CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC 1859
183 CGCCCATATTCT-ATGAAAAATGTGGACTTTTGGCAACTTCTGGTGCGAG 232
FEETEEEETErr et terer ettt ety
1860 CGCCCATATTCTTATGAAAA-TGTGGACTTTTGGCAACTTCTGGTGCGAG 1909
233 TTTTGGACTTCCATTTGATGTGCTGTGCGTCACGGCCAGCATTGAAGACC 282
PEETEEEETErTrr ber et r et el
1910 TTTTGGACTTCCATT-GATGTGCTGTGCGTCACGGCCAGCATTGA-GACC 1959
283 CTGTGCGTTGATCGCAGTGGGATCGCTACTTTTGCCATTACTTCACCTTT 332
PEETTEED TRt cererr ettt
1960 CTGTGCGT-GATCGCAGTGG-ATCGCTACTTT-GCCATTACTTCACC. .. 2009

Figure 28: Sequence homology matching between the human pancreatic adenocarcinoma
BxPC-3 cell line RTPCR product and human [3,-adrenergic receptor gene sequence. Results
show 97% matching within the alignment window.
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Filel: ASPCB2.SEQ

Mode: Normal 1 - 380
File2: BETA2
Mode: Normal 1660 - 2000 ) )
Matching Percentage (Total Window: 79%, Alignment Window: 95%)
w1l T & eveEbmesy ves ewesise TTTTGGGTGGTGGGCATGGGCATCGTCATGTC 32
Forrrrrrrrrerererr ettt er e
1660 ACGCAGCAAAGGGACGAGGTGTGGGTGGTGGGCATGGGCATCGTCATGTC 1709
33 TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA 82
Crrrrrrrererrrrrrrrrrre e e ettty
1710 TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA 1759
83 TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA 132
R 51 T T R T
1760 TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA 1809
133 CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC 182
LA LU P0G datl o] Bl dckel Dol bt Rt Bedeh B B Fik Lkl |
1810 CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC 1859
183 CGCCCATATTCT-ATGNAAAATGTGGACTTTTGGCAACTTCTGGTGNCNA 232
AR LU AR o E 0 I D B B R R BT B l
1860 CGCCCATATTCTTATGAAAA-TGTGGACTTTTGGCAACTTCTGGTGC-GA 1909
233 GTTTTGGACTTCCATTTGATGTGCTGTGCGTCACGGCCAGCATTTGAAGA 282
R 15 1 T 11 A O O O
1910 GTTTTGGACTTCCATT-GATGTGCTGTGCGTCACGGCCAGCATT-GA-GA 1959
283 CCCTGTGCGTTGATCGCAGTGGGATCGCTACTTTTGCCATTACTTCACCT 332
EE-F000 8 OB P i e R D i R T
1960 CCCTGTGCGT-GATCGCAGTGG-ATCGCTACTTT~-GCCATTACTTCACC. 2009

Figure 29: Sequence homology matching between the human pancreatic adenocarcinoma
AsPC cell line RTPCR product and human [3,-adrenergic receptor gene sequence. Results
show 95% matching within the alignment window.
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-17

1660

33

1710

83

1760

133

1810

183

1860

233

1910

283

1960

.................. GTGTGGGTGGTGGGCATGGGCATCGTCATGTC

CErrrerrrrererrererrre e rerrrtd
ACGCAGCAAAGGGACGAGGTGTGGGTGGTGGGCATGGGCATCGTCATGTC

TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA

FErerrrerrrrerrererrrrrery et et e et e e et
TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA

TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA

CErrrerrrrrerererrrrert et e et et e et e e e
TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA

CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC

FEEEEEEr et e et e rererete e e e e e
CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC

CGCCCATATTCTTATGAAAATGTGGACTTTTGGCAACTTCTGGTGCGAGT

FPrrerrrrreerrerrerrrerr e e e et e e e et
CGCCCATATTCTTATGAAAATGTGGACTTTTGGCAACTTCTGGTGCGAGT

TTTGGACTTCCATTGATGTGCTGTGCGTCACGGCCAGCATTGAGACCCTG

rreerrrrerrrerrrrrrer e e e et et e e b e e ey
TTTGGACTTCCATTGATGTGCTGTGCGTCACGGCCAGCATTGAGACCCTG

TGCGTGATCGCAGTGGATCGCTACTTTGCCATTACTTCACCTTTCCAAGT

EErrrerrerrrerrrrreetrrerre et e et
TGCGTGATCGCAGTGGATCGCTACTTTGCCATTACTTCACC. ........
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1709

82

17459
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1809

182

1859

232

1909

282

1959

332

2009

Figure 30: Sequence homology matching between the human pancreatic adenocarcinoma
Capan-1 cell line RTPCR product and human 3,-adrenergic receptor gene sequence. Results
show 100% matching within the alignment window.
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Filel: PANCB2.SEQ

Mode: Normal 1= 380
File2: BETA2
Mode: Normal 1660 - 2000 ) '
Matching Percentage (Total Window: 80%, Alignment Window: 97%)
S mumie smedse Sk ey s fmee GTGTGGGTGGTGGGCATGGGCATCGTCATGTC 32
DU LLE PO B batbed e i) e 18 ERE DB T
1660 ACGCAGCAAAGGGACGAGGTGTGGGTGGTGGGCATGGGCATCGTCATGTC 1709
33 TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA 82
Prrreierrerrreereerrrrrrrer et et e e e e rrr e e e ey
1710 TCTCATCGTCCTGGCCATCGTGTTTGGCAATGTGCTGGTCATCACAGCCA 1759
83 TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA 132
PEERErrrrrr e et r e e e bbbt r e
1760 TTGCCAAGTTCGAGCGTCTGCAGACGGTCACCAACTACTTCATCACTTCA 1809
133 CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC 182
80O O T O R L
1810 CTGGCCTGTGCTGATCTGGTCATGGGCCTGGCAGTGGTGCCCTTTGGGGC 1859
183 CGCCCATATTCTTATGAAAAATGTGGACTTTTGGCAACTTCTGGTGCCGA 232
FEERERELE) PR EE LR L DL el E R DUE g - 1
1860 CGCCCATATTCTTATGAAAA-TGTGGACTTTTGGCAACTTCTGGTGC-GA 1909
233 GTTTTGGACTTCCATTTGATGTGCTGTGCGTCACGGCCAGCATTGAAGAC 282
FEERTrrerrrrerer ceeererreerereer et rree e et i
1910 GTTTTGGACTTCCATT-GATGTGCTGTGCGTCACGGCCAGCATTGA-GAC 1959
283 CCTGTGCGTTGATCGCAGTTGGATCGCTATTTTGCCATTACTTCACCTTT 332
SENRERAF AT sTRRE RN S AR AR R A s A NE N R R RN
1960 CCTGTGCGT-GATCGCAGT-GGATCGCTACTTTGCCATTACTTCACC. .. 2009

Figure 31: Sequence homology matching between the human pancreatic adenocarcinoma
Panc-1 cell line RTPCR product and human (3,-adrenergic receptor gene sequence. Results
show 97% matching within the alignment window.
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Assay Concentratlons for Competltlon Studles

Table 1

100 mM

JAte'nolol; ICI 118,551 Norépi_nehine; Epine‘ | NNK
lo 7 e 0 -
1pM | 1pM’ 1pM
10pM 10pM - 10 pM
100 pM 100 pM 1100 pM °
1M 1 nM InM:
10nM - 10 M 10nM
100nM 100 nM 100 nM
1M 1uM 1uM-
10 LM 10 M. 10 M
100 M 100 M 100 1M
|1 mM- 1 mM 1 mM
| | 10mM 10 mM
100 mM
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Table 2
Saturation Assay
Statistical Comparison of B,

Parameter Value
X Y

1 [Table Analyzed Data Table-1 Columns A and B
—
i 3 [Unpaired t test with Welch's correction
4 [ Pvaue 02118

5 | P value summary ns
"~ 6 | Are means signif. different? (P < 0.05) No

7 | One- or two-tailed P value? Two-tailed

8 | Welch-corrected t, df t=1.334 df=10

9

10 [How big is the difference?

11 | Mean + SEM of column A 233.2 £ 27.52 N=9

12 | Mean £ SEM of column B 328.4 £ 65.85 N=9
;r 13 | Difference between means -95.20 £ 71.37
L 14 | 95% confidence interval -63.81 to 254.2
™5 | R squared 0.1511
[ 16
, 17 |F test to compare variances .
18 [ F,DFn, Dfd 5.726,8,8
9 Pvalue 0.0117
;“io P value summary *
21 Yes

Are variances significantly different?

115

Table 2: Statistical comparison of B,,,, (receptor number) derived from the saturation curves
in untreated fetal pancreas and ethanol treated pancreas by unpaired t-test with Welch’s
correction for unequal variances. Calculated p value is 0.2 based on a 95% confidence

interval,
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PART III

INFLUENCE OF NNK, ETHANOL, AND SUBTYPE SELECTIVE
BETA-ADRENERGIC ANTAGONIST
"~ ON CELL PROLIFERATION

IN SELECTED PANCREATIC CARCINOMA CELL LINES
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E Chapteril:"Introtluction N

I Brief overview :

Part III of this dlssertatlon is; devoted to addressmg the: obJectlve as to whether NNK
‘would 1nduce cell proliferatlon beyond that observed in controls as measured by DNA
synthe31s in four dlfferent pancreatic carcmoma cell lines (BxPC 3 AsPC 1, Capan-1, and
Panc-‘l).- In addition the objective was to determine if there were' any differences in DNA
‘synthesis between the treatment gtoups in cells grown in- general (traditional) media
condltions versus ethanol medla condltlons Fmally, the mﬂuence of a beta-adrenergic -
receptor 1.n:thls process was‘tested by treatment ‘of the cell ‘lmes wit_h subtype speciﬁc
antagonists. -'I'hese,processes'arebeing te'sted in pancreatic carcinoma cell lines because at

- present a good normal ductal epithelial in vitro system i‘sv not available.

I1. DNA synthesis stimulation by beta-adrener‘gic receptor ligands'

" . Beta‘-adrenergichreceptors have been detected“in pancreatic carcinoma cell lines (Al-
Nakkash 1996) m Ewmg s sarcomas (Whitsett 1983) and in human hepatocellular
carcmomas (Belv1lacqua 1991) In the papers on the pancreatic carcmoma cell lines and
Ewing’s sarcoma, the potential effect on carcinogénesis w‘as not. addressed. In studies using ‘
pulmonary adenocarcinoma cell lines, B;adrenergic‘ agonists -resulted in proliferation of these -
cell type‘s"compared to controls (Park, 1995). Increased nmnbers of ﬂz-adrenergic -reCeptors

have been' found ‘in membrane fractions from tumorized regions of human liver ‘with
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hepato.cgllul‘ér carcinomas c,omparéd with'a;dj;cent héalthy regions pf thbs_e,ﬁx}e,rs, Basal
adenylatg cyclase activity in Ath‘e_"tu”mor‘ regigﬁs was not different f?rotn the fﬁealthy regions;
however, the z'ld"enylat'e cycla_s'e. activity. sigﬁiﬁéantly incréqséd with 'i‘soprote'renol
(Bevilacqua, 1991)‘._‘ Cell ;;roliqugtion (i.é; 4iyrﬂlcreése(.i nunif)ers of cells or increased ISNA
syﬁthesis) sécondary to 'exj‘)‘(').s'ulre to [52-ag(‘5>1’1ists‘ w;as poﬁ’stﬂﬁdiied iﬂ this‘paper. It was
postulated that stimulation of cAMP via B,-adrenergic receptors Would result a proliferative
response. The proliferative capabilities of cAMP activéﬁon via a beta-adrenergic path-way
have béen' sevc':raly normal ceii systems and in murine and human‘mammary epi.thelial cells.

(Dumont, 1989). -~

L Effect of ethanol on bet_h-hdrehergic récepfors
This topic was discussed in detail in the background section of Chapter 1 and will not

be further discussed here..
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Chapter 2: Materials and methods

Cell proliferation was ;ietermined by measuring DNA synthesis as a function of
tritiated thymidine incorporation in BxPC-3, AsPC-1, Capan-1, and Panc-1 pancreatic
c;rcinoma cell lines. DNA syrithesis was measured after exposure to increasing
concentrations of NNK, no NNK, or NNK with a ; ora f3, .adrenergic antagonist. These
rrieasuréments were taken from cells maintained in géneral/traditioﬁal media and in cells

maintained in ethanol containing media.

L General maintenance of human pancreatic adenocarcinoma cell lines

Human pancreatic carcinoma cell lines (Panc-1, AsPC, BxPC-3, Capan-1) were
obtained from the American Type Culture Collection (Manassas, VA) and maintained at 5
% CO, in T-75 ml culture flasks in media recommended by ATCC. All cell 'lines are
adherent cells. Panc-1 cells were maintained in DMEM (4.5 g glucose per liter) with 10%
FBS. AsPC cells were maintained in RPMI 1640 (without glutamine) with 20% FBS.
BxPC-3 cells were maintained in RPMI‘~1 640 (without glutamine) with 10% FBS. Capan-1
cells were maintained in RPMI 1640 (without glutamine) with '1 5% FBS. Basic media
(DMEM and RPMI 1640) was purchased (Biofluids; R;)ckville, MD); FBS (Biofluids), L-
glutamine (Biofluids), and penicillin/streptomycin (were purchased ‘and added separately.
Penicillin/streptomycin were aned at a‘llcleo_‘ncentrati’on of 56,000 pnits/S0,000 mg pér 500 ml

of media. Glutamine was added at a concentration of 5 ml of 200 mM solution for a final

N
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concentration of 2 mM.

Cells ware passed when 90-95% confluent. When passing, media was suctioned from
flask. Cells were washed with 6 ml of PBS. PBS was suctioned from the flask. IOne ml of
trypsin was added and the flask was gentlely swirled to allow coating of the cells with the
vtrypsin. Flask was placed on a hot plate at 37°C unril cells were fdlly loosened. Five ml of
culture media was rhen added to the flask. The media was pipetted vigorously to wash cells
from flask wall, thoroﬁghly mix the cells, and break up cell clumps. One to 1.5 ml of cell
suspehsion was then added to new T-75 mll culture flask.

IL. Procedure for cell cddht; S

Cells were grown to §5% adﬁﬂuency arrd then tryplmzed with 1 ml of trypsin. Cells
were transferred to a 50 .ml Isterile centrifuge tube (Fisher Scientific) and 35 mls of tissue
culture media was added. Cell counts were obtained using a standard henrocytometer. The
cell suspension was mixed by rotating the centn'fuge'tube. Each chamber was filled with
11 11 of the cell suspension. Cells with the 4 comér and central squares were counted each
chamber. This cell number was divided by 10 to obtain average r:ell count per square. The
average cell count per square was multiple by 10° to obtain cells/ml. Cells/ml was converted
to cells/ul. (Standard procedure for cell counting is in the Sigma Biochemicals and Reagents

catalog, page 1844-45 of 1998.)

IIL. Preliminary cell proliferation assay preparation

Prior to conducting the proliferation assays, cell count density to be used was
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determined for. each cell line. Increments of cell counts ranglné from 5,000 to 50,0QO cells

:‘were seeded 'intoj standard 96 well cell ‘cultur'e’ pl'ates (View Plate-‘96; Packard; Meriden, CT) -

' with,.2(l'0r wl of media. »The platesviwere f)laced 1n a standard‘tissue‘ culture i-ncub,ator at37°C.
The plates' were elcarnined at 12, 24, and 48 hours. The cell_ density was approximated for
each cellcount nurnh:er seeded by estirrratlng the nercent -of the well floor covered by cells.
The cell count that ylelded a densrty that gave approxrmately 50 % cover at 24 hours and
near conﬂuency by 48 hours were used for the prollferatlon assays These values were
10, 000- cells per well for the BxPC 3 cell lme and 15, 000 cells per well for the AsPC cell
line." | |

- To ob‘talnv general i.nformat,ionu o‘nnthe‘ time period of proliferation of the cell lines,

_BxPCrS, cells:an.d A$PC cells .were' seeded into 96 w.ell plates'at the cell counts detennined. oy

from the above procedure.’ The cells of each ce11 line were seeded w1th 200 ul medla into

48 wells in each of 6.plates. At24 hours post seedmg, 3H-thymrdme (0 5 ,uC1/ well) was

o added‘to each well using a repeat pipetter. The.cells were harvested (see procedure below)

_I at 1,2,4, 8, 1.2,‘and ‘24 ‘hours. Counts per n‘rinute (cpm) were graphed asa ﬁlnction of time.

This data was used to determine tiime points for harvesting cells in the proliferation assays.

IV Etha’nol:exp,o:sure.to pancre'atvi"c;;ca’r‘clhoma‘c‘eyll llhes_: : e

For assays'l-measuring stimulation under‘ general rnedia:‘conditions cell maintenance'
procedures above under general mamtenance were: followed For assays measurmg,
st1mu1at1on under ethanol conditions, these cells were mamtamed rn -ethanol .before the assay.

‘ ‘w Cells were grown to‘9Q-95% conﬂuency, then trypsmlzed and passed. Following
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passage, 'ceils 'were allowed to settle to ‘ﬂas‘k t’or 24 hou‘rs‘ The medra was then removed and
10 ml of fresh media contarmng 0. 08 g/dl pure ethanol was added to the ﬂask (12 ul in 10
ml media = 0 08 g/dl ) Cells were mamtalned in ethanol laced medla through a second
passage. The cells were used for proliferatlon assays aﬁer cOnﬂuent tjo‘llowl‘ng the second

passage. -
V. Prolif'eration’as's'ay procedure -

" Celliprolifera"tion assaysf were performed with all 4 ce‘lll lines using' a standard

S tntlated thymldme mcorporatlon procedure in 96 well plates w1th1n a total volume (media

| plus reagents) of 200 ul w1th a tntlated thymldme concentratlon of 0 5 uCl Stlmulatlon'

| .'w1th 1ncreasmg concentratlons of NNK(lOpM 100 pM l nM, 10nM 30 nM, 100 nM, and .

-1 uM) were - measured in both cell 11nes at 4 8, and/or 24 hours and compared to an’
vuntreated. group. Stlmulatlon ‘wlth the same eoncent‘ratlons of N‘N‘K‘aﬁer, the cell -lines were »l
: ‘expo:s-e'd to ethanol for 2 ‘pa‘ss"’ag‘e penods was measured in both cell lines at 4, 8, and/or 24
hoursl and compared to untreated control groups derived fro‘rh’ethan‘oi and general media
condltrons | DNA. synthes1s was measured with s1mu1taneous exposure to NNK and either
a B, (atenolol) and B3, (IC1 118,55 1) antagomst Stlmulatlon/ 1nh1b1tlon was measured under
, ‘these treatment condltlons in general media condltlons and after the cell hnes were exposed
to etha‘noi Afor)21 passage periods. These measurements were eompar'ed.to untr'eated control, -

" groups deriyed (ethanol and generai media eonditions) and fo :equimol‘ar NNK treatment
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groups.
General procedure

Cells were grown to 95% confluency and then trypsinized and cell counts were
determined (see sectioﬁ labeled cell count procedure). Ten thousand (BxPC-3, Panc-1) or
fifteen thousand (AsPC, Capan-1) cells were seeded into four 96 well plates. Total volume
of cells and media in each well was 200 ul. Celi plates were placed in a standard incubator -
at 37°C for 24 hours.

Each treatment gfoup in all assays had 6 replicates. Reagents and tritiated thymidine
were added to the media and this ﬁedia solution was a&ded at a volume of 200 u1 per well.

(Except in the case of antagoﬁisU NNK treatments, the gntagonist was added to the media.)
Therefore, each treatment group had a separate media preparation. Amount of media néeded
was determined by number of wells per treatment for one plate + approkimatély 50%
multiplied by number of plates needed (2 time points=2 plates; 4 time points=4 plates).
Dilutioq copcenﬁations ‘lllsed for eaqh drug treétmept was those concentrations that would
result in the desired assay concentration as a 10 ul volume. Tﬁdiated thymidine was used
at a concentration of 0.5 uCi/ well. As an example, for an NNK treatment. with an assay
concentration ‘of 10 pM to be measured as 12l replicates for 4 tir;le points required the
following:

12 w.ells --->20 wells X 4 plates = 80 wells
80 wells X 206 1 =16 ml media needed .

10 ul of 2.200.pM NNK would result in 10 pM NNK in 200u1
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(Based on Conc 1Vol 1 =Conc 2 Vol 2)

80 wells X 10 ul of 200 pM NNK = 800 wul of a 200 pM NNK dilution

0.5 uCi/ well X 80 wells = 40 uCi needed; @ 1uCi/ ul =40 pl needed

16 ml - 800 ul NNK - 40 /;Ll tridium = 15.16 ml media needed.

Dilutior_xs of NNK, ICI 118,551, and atenolol were made in PBS. The starting
dilution for ICI 188,551 was made in sterile water. Dilutions were protected from light.

Tissue culture media was warmed and aliquoted into sterile centrifuge tubes.
Appropriate volumes of drug ‘treatments; and tritiated thymidine were added to the media.
In the case of controls, .PBS‘was 'addéd ‘at the same volume ﬁsed of treatment reagents.
Media was removed from the sééded ‘pla’te by flicking the media from the plate unto a towel.
) Media preparation with treatments and thymidine was added to each well as a volume of 200
w1 using a repeat pipetter. To insure rr;ixing.of the reagents and thymidine within the media,
each timé prior to adding the media to the wells, the solution was vigorous pipetted by
repeated filling and displacing the fluid from the pipetter into the centrifuge tube. This
mixing procedure was followed after addition for every six wells (i.e, when there were 12 ‘
replicatés, fluid was added to only 6 wells at a time and then re-mixed).

All treatments were added to an entire plate (i.e. one time point) before proceeding
to another ﬁlate. Plates, immediately following addition of media preparation were replaced
to the incubator and the time was recorded for that particular plate (time point). For studies

involving the incubation of beta agonist with an antagonist. The antagonist was given in the
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‘media preparation and the NNKwas added' asa 10 ul ‘volume using a repeat pipetter 10 |

. minutes follow1ng the addltlon of the media preparatlon The plate was then placed on an
g shaker (Orb1t Shaker Lab Lme) and rotated for 1 minute at 100 RPM |

For assays 1nvolv1ng ethanol the cells were seeded in standard medla for the 1n1t1al

24 hour penod Medla preparatlon w1th reagents or PBS and thymldme contamed absolute, |

: :200 proof ethanol (AAPER Shelbyvrlle KY) at a concentratron of 0.08 g/dl A separate

control group was performed w1th these assays and used general medra w1th PBS and no -

reagents.

VI Procedure for harvesting in"co'r'porated tridiated th'y'midine
+ The medra/reagents were removed ﬁom the cells by ﬂlckmg the fluid from the plate
" ontoa towel. Accordmg to a procedure obtamed from Packard (Merlden CT) 25 ,Ltl of 0.IN

‘ 'NaO,H was added to each well w1th a repeat prpetter to lyse cells. The plate was rotated for

-5 minutes at 150 RPM Incorporated thym1d1ne was separated from nomncorporated 3 .

thymldmev by vacuum ﬁltratlon us1ng a mlcroplate harvester (Harvester model Mlcromate
- 196; Packard ) of the lysed cells onto a unbacked” glass ﬁber ﬁlter (“Backed” indlcated
the ﬁlter was made 1n such a way that the harvester O rings would not cut the ﬁlter into small”
round ﬁlter umts ) \lVlth ﬁlterr Still in place each well was ﬂushed 5 time’s with 300 ul/well
of ultraﬁltrated water DNA was adhered to the ﬁlter by a ﬁnal ﬂush w1th 200 ,ul/well of 2-
propanol (Slgma) ' | o v

The Harvester apparatus cut the ﬁlter lnto mrcular dlscs correspondmg to each well.

~ The ﬁlter dlSCS were placed 1nto appropnately labeled glass hquld scmtrllatron V1a1s 3ml



of countlng cocktall (Blo-Safe II Research Products Intematronal Corp Mount Prospect, L
IL) was added to each vral and the v1al was gently shaken Vlals were counted on a Packard

) scmtlllatlon counter (model Tn-Carb 2300TR)

VII Statrstlcal analysis .
Statlstlcal analy51s was. completed using Pnsm (Graph Pad Soﬁware San Dlego -

‘ CA). One-way analys1s of vanance (ANOVA) followed by a Dunnett s ‘post test'analysrs' o

to compare treatment’ groups to the control w1th1n ‘an assay. "In the assays wrth subtype ‘ o

select1ve antagomsts B, and [52 antagomst groups w1th NNK were compared v1a one-way

- ANOVA followed bya Bonferrom post test to-\compare selected pa’rrs of 1 means. o
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Chapter 3: Results

Cell proliferation was measured by DNA synthesis as a function of tritiated
thymidine incorporation in four pancreatic carcinoma cell lines (BxPC-3, AsPC-1, Cgpan—l ,
Panc-l)'. .DNA synthesis was measured under general media conditions and under the
inﬂueﬁce of ethanol after stimulation with varying concentrations of NNK In addition,
DNA synthesis Was measured:under both media conditions after simultaneous exposure to
NNK and either a B, (atenolol)‘or a B, (ICI 118,551) antagonist. The results are displayed
in figures as bar graphs showing counts per minute (cpm) at varying concentrations. Results
of statistics for each assay are shown as data printouts. All figures and statistical data are
located in separate appendices at ch'e énd of part III of the dissertation. Figures are located
in appendix A. Statistical dafa are located in appendix B; statistical data are group by cell
line and media condition.

An analg'sis of variance with a Dunnett’s post test was used to compare the NNK
treated groups to the control group not treated yvith NNK. Under general media conditions,
NNK did not have an enhanced effect on DNA synthesis compared to the control in any of
the cell lines. in only one run of one cell line (BxPC-3) was there statistically significant '
increases (p<0.05 and p<0.01) in DNA synthesis at the higher concentrations. In several
instances, there was statistically significant (p<0.05 and i)<0.01) decreases in DNA synthesis
at the higher NNK concentrations compared to the control. This finding was present in both

runs in the Capan-1 cell line, one run in the Panc:1 cell line, and both runs in the BxPC-3 at
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the 24 hour time point only. Under ethanol media conditions, the ﬁndipgs were similar to
those in the general media conditions in that NNK did not have an enhanced effect on DNA
synthesis. In only one run of ore cell line (Panc-1) was there statistically significant
increases (p<0.05 and p<0.01) in DNA synthesis at the higher concentrations. In three of the
cell lines, there was statistically significant decreases in DNA synthesis at the higher NNK
concentrations compared to the contréls.

Under general or ethanol media conditions, simultaneous treatment with NNK and
a beta 1 adrenergic antagonist, atenolol, did not consistently result in any statistically
significant increases or decreases in DNA synthesis when compared to equimolar
concentrations of NNK or to controis. This was true at both concentrations of atenolol used,
10 nM and 100 M. However, simul'taneoﬁs t.rgatment witl; NNK and a Beta 2 adrenergic
, antagoqist, ICI 118,551, did result in.s'tétistically signiﬁcaﬁt decrleases in DNA synthesis.
In all 4 cell lineé, the higher concentration of ICI 1I18,551 (100uM) resulted in consistent,
repeatable statistically significant decreases (p<0.01 and p<0.0015 when compared NNK
treatment and with controls. This finding was also consistent and repe~atable in all 4 cell

lines under ethanol conditions.



. 129 .,

- Chapter 4: Discussion

The use of thymidine incorporation as a-measure of DNA synthesis to assess cell

. proliferation is'a well-established-pr_oc':edure and has been used previously in this laboratory

in studies involving using lung cancer cell vlines‘ (Park, 1995). NNK concentrations used in
this section have been used pre\{iously in thls laboratory and can be potentially be achieved o

in humans‘ (Jull, 1999). The statistical method’ of one-way ANOVA with subsequent post

tests to compare speclﬁc groups 1s the appropnate method when comparmg dlfferences in .

means from multlple groups (Neter 1990 Welss 1982 Prlsm manual [GraphPad

- Software]). The concentratlon of ethanol used to expose cells~ was obtained from data

collected frorn a report on driving after drug or alcohol use (www.health.org/drinkrepo'rt).
The author was trying to achieve a general concentration that woul'd potentiall}; be expected -
in chronic comsurrlers of alcohol. . |

I.’Inder[generalrnedia conditionsr,‘ NNK did not result in an e_nhanced proliferative
effect in any of the 'jt'ou'r pancreatic carcinorna cell '1.ines. The dit’ferences‘ observed were
att_r'ibuted: 0 normal variability. In addition, ethanol media condi_tio_ns_ did not result in
enhanced proliferati_on with NNK treatrnent. There was an occasionaliinhibi’tory effect with :
the ethanol treatment. | | I

The stattstically signiﬁcant ﬁndings weregenerally re'ser\}ed"for treatrnent groups '
exposed slmultaneously to NNK and a Bz antagomst B, antagomst treatment did not affect .

DNA synthesrs Ethanol d1d not change th1s observatlon However exposure toa B,
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antagonist resulted 'in"'st'yatisti(:allly, signiﬁcant decreases in DNA s'ynth‘e'si's in :all cell lines.
This de:Crease' was obser\(ed when compared to grdups recetvfng "equimolar: concentrations '
“of NNK alone or control groups Wfth .no.treatment." 'These results were repeatable. In
addition, this effect was also obseryed" in cefls maintained in ethanol media conditions. fhe
) extent or percentage kof decrease ,was relati»\"elyt.vthe same as that observ'ed under general :
_ media condftions. |
Although the antagonists were given gsi'mulltaneou'sty w1th NNK, the mhxbltory effect’
. on DNA synthesis observed in the presence of the B, antagomst was attnbuted to an effect
. by the B, antagonist. The resultant DNA synthes1s was cons1stently 40% to 60% of that' “
measured in elther the correspondlng‘NNK treatment group or in control groups It is
unknown whether there was a synerglstlc effect between the NNK and the antagomst This
could be tested by measunng DNA synthes1s in the presence of the same concentratrons of
the Bz antagomst w1thout NNK | | | |
| Demonstratmg mhlbltlon with a site selecttve vantagolnivst Suggest' that the beta— ‘
adrenergic'r'ec.eptor rnay ,régﬁlate, at 1ea_st ‘to,,vsome.extent, the cell cyc_le and tumover in. these
“cell lines. The fact»t‘hat' the res!ponse‘ was seen' m the presence of .t’he'Bz' antagonist and not .
the B, antagonist may be a reﬂection-of'l of 2 theories, or. b,\oth.-v Fi"rst“':ﬁ | receptors were .
shown to be more promment in number \cornpared to [3, receptors in all cel] lmes based kon ‘
RT-PCR and radlohgand blndlng studles presented in part II of thls dlssertatnon In general |
this effect was more promment and consrstent;at t‘hevhll gher con_centratlon ‘of the [}2 antagomst .
- used. This observation' :could be‘due to relatlvely fewnumbers of b'eta‘-adrenergic receptors .

present and the need for a higher concentration,_to ach_i‘e‘ve‘an effect.
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Second, the response could be &ue to B, and B, adrenergic receptors operating
through different signal transductiqn pathwa)l's. Functional activity of receptor-ligand
interaction as measured by changes in a specific second messenger was not assessed in these
studies. It is not known whether the decreases in DNA synthesis occurred as a result of.
inhibition of cAMP activation or if other second messenger molecules and signal
transduction pathways were used. The G-protein linked cAMP‘cascade is well-documented
route in which B-adrenergic receptors and their ligands exert their effects (Lefkowitz, 1990;
Stiles, 1991). In addition, B-adrenergic réceptors have been show to activate pathways
involving phospholipases (Borda, 1998; Ruan, 41997). There is recent evidence in
cardiomyocytes of a B,-adrenergic receptor coupled to cyfosolic phospholipase A2 which
triggers the release of arachidonic acid (Pavoine, 19995.

The‘role of ethanol in these results is unclear. Overall, ethanol did’not enhance and
of the findings in these cell proliferation/ DNA synthesis studies. In the binding studies,
~ ethanol treatment in vivo did result in an overall increase in beta-adrenergic receptors and
appeared to increase the proportion of Bz-adrénergic receptors comparéd to 3, -adrenergip
receptors. However, the inhibitory effect of the 2 antagonist was not enhanced in these cell
lines after exposuré to ethanol. It is pt;ssible that the conditions did not adequately mimick

those created in the in vivo model in terms of concentration exposure.,
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AN OVA with Dunnett Post Test; 8 hr Data

- Control vs. All Treatment Groups

“TMean D

Dunnett's Multiple Comparison Test . ~q " |P value 95% Cl of diff
Confl vs 10p —|-4757 - [1.213. P>.0.05 -15860 t0 6343
Cont vs 100p B GEEEE 1560 P>0.05 4982 1o 17220
“~Contivs n -2526 106440 - P>0.05 -13630 08574 |
Contivs 10n 2382 . -[0-06072 P>0.05 -11330 10 10860
Contl ve 30 — 8110 2.068 P>0.05 -19210 t0 2990
Confl vs 100N |6369 1624 P>0.05 -17470 1o 4730
Contivs Tu : 7190 1833 P>005 -18290 10 3910 -
“Conlivs b1-1 - 7028 0.1792 P>0.05 -11800 to 10400
Contl vs b1-2 |-4692 1196 P>005 -15790 to 6408
-~Contlivs b2-1 2287 — {05830 P>0.05 -8813 to 13390
Contl vs b2-2 _ 30270 7719 P <0.01 1917010 41370 |
Run I -
Dunnetf's Muitipie Comparison Test Mean Diff. q Pvalue ' 95% Clof diff ™|
Tonvsiop B EEER |0.07959 P>0.05 7136 10 7236
Cntivs 100p 697.3 [02886 P>005 6154 1o 7549
Cniivs n -1824. 0.7549 P>0.05 8675105028 |
[ Cntivs 0n 5403 0.3892 P>005 7792105911
~Cnvs 30 —{za77 1025 F>005 3B 435
Cnllvs 100n . 18989 0.7862 P>0.05 |485210 8751 |
Cnivs Tu - - -6360 2510 P>0.05 -13550 to 825.6
Cntlvs bi-1 1154 04776 [P>003 -8005 to 5698 -
Cnlivs b1-2 -~ |-625 0.06726 P>0.05 ~7014 to 6689
Cnl vs b2-1 -3808 1503 P>0.05 -10990 t0 3378
Cnll vs b2-2 26820 1110 P<001 19970 to 33670
- Run2- “
. .
, ‘Legend

Cntl—control wuh PBS and no NNK
. b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
. 'b1-2—100 1M atenolol (B1 antagonist) + TuM NNK .
b2-1= =10nMICI 118,551 (B2 antagonist) + 100 pM NNK

. 52-2=100 #MICI 118,551 (B2 antagonist) + 1uM NNK



BxPC-3 Cell Line in General Media Conditions ¢

ANOVA with Dunnett Post Test; 24 hr Data
Control vs. All Treatment Groups

N A

Dunnett's Mulﬁplé Comparison Test Mean Diff. q P value 95% Cl of diff
Cniivs 10p -26630 3.237 P<0.05 53700 to -3561
Cntlvs 100p -12930 1462 P>0.05 -38000 to 12140
Cntlvs 1n ' : -30780 3.331 P <0.05 -56960 to 4592 |
Cnlvs 10n -38700 3374 P<0.01 63770 to -13620
Cntivs 30n . -37370 4.223 P<0.01 62440 to -12300
Cnilvs 100n -28190 3.186 P<0.05 532600 -3117
Cntivs u -38080 4305 P<0.07 -63150 t0 -13010
Cnllvs b1-1 - -17010 1523 - P>0.05 ~42080 to 8058
Cnlivs b1-2 15760 1.782 P>0.05 -40840 to 9307
Cntlvs b2-1 . -18160 2.053 P>0.05 4323010 6913
Cnil vs b2-2 80000 9.044 P<0.01 54930 to 105100
Run1

v

Dunnett’s Multiple Comparison Test Mean Diff. q P value 85% Clofait |
Cntlvs 10p 6970 1.057 P>0.05 11700 to 25640
Cnil vs 100p 5314 0.6207 P>005 -13250 to 24080
Cntivs in - 2175 0.3297 P>0.05 -16490 to 20840
Cntlvs 10n 3389 0.5137 P>0.05 -15280 to 22060
Cntlvs 30n 2122 0.3217 P>0.05 ~20790 to 16550 |
Cntlvs 100n -668.5 0.1013 P>0.05 -19340to 18000
Cnlivs 1u 10030 1.521 P>0.05 -8634 to 28700 |
Cntlvs b1-1 . |17380 2.635 P>0.05 -1286 to 36050
Cnivsb1-2 ; 19660 2.980 — |P<0.05 988.9 10 38320
Cnil vs b2-1 257.5 0.03904 P>0.05 -18410 to 18930
Cntlvs b2-2 112100 17.00 P<0.01 93460 to 130800
Run 2

Legend:

Cntl=control with PBS and no NNK

b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
b1-2=100 »M atenolol (1 antagonist) + 1uM NNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 xM ICI 118,551 (2 antagonist) + 1uM NNK



BxPC-3 Cell Line in General Media Conditions - ***
ANOVA with Bonferroni Multiple Comparison Test;
| 8 hr Data
NNK vs. 1 Antagonist

Bonferroni's Multiple Comparison Test Mean Diff. t P value 95% CI of gt
100p vs b1-1 -6821 1.739 P>0.05 -15840 to 2197
1uvs b1-2’ 2498 0.6370 P>0.05 -6519 to 11520

Run 1
Bonferroni's Multiple Comparison Test Mean Diff. t - P value 95% CI of diff
100p vs b1-1 -1851 R 0.7662 P>0.05 -74131t0 3711
fuvsb1-2 6198 2.446 P<0.05 364.6 to 12030
Run 2
Legend:

b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
b1-2=100 M atenolol (B1 antagonist) + 1 M NNK



BxPC-3 Cell Line in General Media Conditions *°°
AN OVA with Bonferroni Multiple Comparlson Test;
24 hr Data
NNK vs. 1 Antagonist

Bonferroni's Multiple Comparison Test Mean Diff. t P value 95% Clof diff |
100p vs b1-1 11970 1.814 P>0.05 -3197 to 27130
1uvs b1-2 9623 1.459 P >0.05 -5542 to 24790
Run 1
Bonferroni's Multiple Comparison Test  |Mean Diff. ~ = ~ P value 95% CI of diff
100p vs b1-1 -4082 0.4839 P> 0.05 -23490 to 15330
1u vs b1-2 22320 2.646 P<0.05 2908 to 41730
Run 2
Legend:

b1 1=10 nM atenolol (B1 antagonist) + 100 pM NNK
'51-2=100 xM atenolol (B1 antagonist) + 1 M NNK




" BxPC-3 Cell Line in General Media Conditions
AN OVA Wlth Bonferrom Multiple Comparlson Test

- 8 hr Data

NNK VS, [52 Antagomst

’ .lBonferroni's Multiple Comparison.Test -

95% Cl of diff .

) Mean lef ) Pvalue |
-~ 100p vs b2-1 . 3637 09768 -~ _|P>0.05 12850 t0 5186
~“Tuvs b2-2 —eTae0 - [9552 [P <0.001 28450 1o 46480
. Run1
. Bonferroms Multiple Companson Test Mean Diff. i , P vaiue 95% Clofaf |
. T00pvsb21 _ 3505 [1.778 P>005 10340 o 1328
i uvsb2-2 |53180 13.09 P <0.001 27340 10 39010

Legend

b2-1=10 1M ICI 118,551 (pz antagomst) +100pM NNK
b2-2=100 M ICI 118,551 (B2 antagonist) + 1 xM NNK




BxPC-3 Cell Line in General Media Conditions
ANOVA with Bonferroni Multiple Comparison Test;

24 hr Data

NNK vs. 32 Antagonist

Bonferroni's Multiple Comparison Test

Mean Diff. t P value 95% Ci of diff
100p vs b2-1 -5227 0.6197 . P>0.05 -24640 to 14180
1u vs b2-2 118100 14.00 . [P<0.001 98680 to 137500
Run 1
Bonferroni's Muitiple Comparison Test Mean Diff. t P value 95% CI of diff
" | 100p vs b2-1 -5156 0.7817 P>0.05 -20320 to 10010
| 1u vs b2-2 102100 15.48 P < 0.001 86930 to 117300
Run 2
Legend:

~

b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 xM ICI 118,551 (B2 antagonist) + 1 xM NNK
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BxPC-3 CELL LINE

ETHANOL MEDIA CONDITIONS



BxPC-3 Cell Lme in Ethanol Medla Condltmns

- AN OVA with Dunnett Post Test; '8 hr Data

Control VvS. All Treatment Groups

v

i
i

I

[

169

| Legendi‘

" [Dunneffs Mutliple Comparison Test - Mean DIt~ Pvalue 95% Clofaif |
I CnvsCnE |5045 0.3040 F>005 8380 15 6780
-[Cavs 10p - T8z —[0:3016 [F>005 -6787 106383 |

" [Cnvs 100p 12253 0.1528 P>005 75310 8379
Cnvsin 3992 1.349 P>0.05 . 4488 10 12470 |
Cnvs 10n R 7281 P>0.05 "[4769 1o 17000
Cnvs 300" [2505 - 0.8467 P>005 75975 10 10990
Cnvs 100n 2818 1.065 P>0.05 476710 10400 |

Cnvs1u 2922 7104 P>0.05 4663 16 10570
T CnvsBIA B 1222 P>005 . |43511010820°
Thvs B12 |53z (3074 P<0.05 (577310 16490

CAvs B2 . . . |7= 2.678 P>005 -556.9 10 16400
Chvs B22 " [20270 |78 P<0.01 12680 10 27660
Run.1 :

‘|Dunnett's Multiple Comparison Test " -, [Mean Diff. q Pvalue ' 95% Cl of diff
Cn vs ChE |87 [08205 P>005 ~5857 1o 10650
Cnvs 10p o — |87 1341 P>0.05 - ~439210 12150 |
Cnvs 100p e 7 1839 P>0.05 23491 13580
Cnvs n ' 2455 ~[0.8483 P>005, -5816 16 10730
Cnvs 100 6967 ~|2408 P>005  |-1304 Io 15240.
Cnvs 30n 16900 5.839 P<0.07. 862410 25170 |
Cnvs 100n 3732 T78% P>0.05 ~3539 16 13000

TCavsiu. -~ 6571 12165 F>005 -2104 10 15250 |
Cnvs B, 5079 1673 P>0.05 -3596 10 13750 |
Chvs Bi2 ~[5%65 - 3202 . P<0.05 994915 17540
Chvs B2-1 6467 2131 P>0.05 220810 15140
CnvsB22 75750 . . [6914 P<0.01 17520 o 34060

Run 2

Cntl=control in general media with PBS and no NNK
CnE=control in ethanol media with PBS and no. NNK
b1-1=10 nM atenolol (1 antagonist) + 100 pM NNK

.. b1-2=100 «M (B1 antagonist) + 1 M NNK
b2-2=100 M ICI 118,551 (B2 antagonist) + 100 pM NNK

b2-1=10 aMICT 118,551 ([32 antagonist) + 1 uMNNK



BxPC-3 Cell Lme in Ethanol Medla Condltlons
AN OVA with Dunnett Post Test 24 hr Data

Control vs. All Treatment Groups

Dunnett's Multiple Comparison Test Mean Diff. - P value 95% Cl ‘of diff
Cnvs CnE 12706 04798 P>005 ~18950 to 13540
Cnvs 10p ) 0.8153 P>005 ~71640 to 20840
Cnvs 100p o572 1773 F>0.05 75978 10 25120
Cnvs1n 25480, 7719 P<001 9931 1047030 -
Cnvs 10n 27790 3547 —[P<001 10570 10 45020 |
Cnvs 30n 25810 3316 P<001 8588 to 43040
~Cnvs 100n | GEE 3865 P<0.07 12930 15 50430 |
Cnvsiu . _]34960 15.844 P <0.01 17730 to 52180 |
CnvsB1T 15000 . 2.795 P>005 360.6 to 30640
CnvsBIZ . 13470 2378 P>0.05 ~2830 10 29650 |
Cnvs BT 18360 —[3.401 P<0.05 2814 10 33910 .
CnvsB22 68840 1751 P<0.07 51620 t6 86070 -
Run 1l

Dunnetts Multiple Comparison Test — [Mean DA, q P vaiue 5% Clofai |
Chvs CnE ~ 158760 70.85 P<0.01 43930 to 75600
Cnvs 10p 62360 1132 P<0.01 (46520 10 78180 |
Cn vs 100p 65880 1024 P <001 47390 fo 84380 |
Cnvsin 56360 12.63 [P <001 51260 to 81460
Cnvs 10n 72740 1320 P <001 56900 to 88570
Cnvs 30n 87760 7593 P <0071 71930 to 103600
Cnvs 1000 —197290 11766 P<0.01 81460 to 113100
Cnvsiu 87950 1587 P<0.01 72160 to 103800
Cnvs BI-1 166250 1261 P <001 51150 0 81340,
Cnvs B1-2 72560 1235 P <001 55680 to 89440
CnvsB2-1 69840 1329 P <001 54740 to 84940
CnvsB22 106500 1933 P<0.01 50680 to 122300

Run 2

Legend:

Cntl=control in genéral media with PBS.and no NNK
‘CnE=control in ethanol media with PBS and no NNK'
.-b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK

b1-2=100 .M (B1 antagonist) + 1 M NNK

-52-2=100 uM ICI'118,551 (B2 antagonist) + 100 pM NNK
b2- 1 10 nM ICL 118,551 ‘(B2 antagonist) + 1 #M NNK
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‘BxPC-3 Cell Line in Ethanol Media Conditions
ANOVA with Dunnett Post Test; 8 hr Data
Ethanol Control vs. All Treatment Groups

-

Dunnett's Multiple Comparison Test - . [Mean Diff. - . |q - . |Pvalue 95% Cl of diff

CnE vs 10p 1603 , 0.5953 P>0.05 -6060 109265 |
CnE vs 100p 1229 0.4351 P>0.05 6808 to 9265
[ CnEvs 1n 4797 1.504 P>0.05 -3770 to 13360 |
["CnE vs 10n T [4221 1.568 P> 0.05 -3442'to 11880
"CnE vs 30n 3310 1.100 P>0.05 -5257 10 11880
CnE vs 100n 3622 1,345 P>005 4040 to 11280 |
CnE vs 1u 3726 1.384 P>0.05 ~3936 to 11390
CnE vs B1-1 . 4038 1500 P>0.05 ~3624 10 11700 |
CnE vs B1-2 _ 9337 13.307 P<0.05 1300 to 17370 |
CnE vs B2-1 8728 2.899 P<0.05 160.7 to 17280 |
[ CnE vs B2-2 21080 7.829 P<0.01 13420 to 28740
Runl
Dunnett's Mulfiple Comparison Test Mean Diff. q P value 95% Clofaift |
CnE vs 10p 1505 0.5188 - |P>0.05 6723109733 |
CnE vs 100p 2048 1016 P>0.05 5280 to 11180
CnEvs 1n 80.50 0.02775 P>0.05 8147 10 8308
CnE vs 10n 4592 1583 P>0.05 -3636 to 12620 |
CnE vs 300 —|14520 5.005 — [P<0.01 6293 to 22750
CnE vs 100n 2358 0.8126 P>0.05 -5870 to 10590 |
[CnEvs 1u 4 4197 11.379 P>0.05 4433 t0 12630 |
[ CnEvsBT-1 , 2704 0.8888 P>0.05 592510 11330 |
[CnE vs B1-2 6892 2.375 P>0.05 1336 to 15120
CRE vs B2 3092 11345 P>005 453710 12720 |
CnE vs B2-2 _ |23420 8.072 P<0.01 15190 to 31650 |
Run 2
Legend:

Cntl=control in general media with PBS and no NNK
CnE=control in ethanol media with PBS and no NNK
b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
b1-2=100 uM (B1 antagonist) + 1 LM NNK.
b2-2=100 «M ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 1 M NNK
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. BxPC-3 Cell Line in Ethanol Media Conditions
- ANOVA with Dunnett Post Test; 24 hr Data
Ethanol Control vs. All Treatment Groups

Dunnett's Muitiple Comparison Test - Mean Diff. q P.value 95% Cl of diff

‘| "CnEvs 10p |7304 1.276 P>0.05 -8053 to 23660 |
[“CnE vs 100p ‘ 12280 2.241 ~ |P>005 -3382 10 27940 |
[CnEvs 1n 28190 ~15.144 P<0.01 12530 to 43850 |
CnE vs 10n 30500 5.024 P<0.01 113150 10 47850 |
CnE vs 30n 28520 4.698 " [P<0.01 11170 to 45870
CnE vs 100n — 34380 5.203 P<0.01 15500 to 53270 |
CnEvs 1u — |37660 6.204 P <0.01 20310 to0 55010 |

| CnE vs B1-1 17790 3.248 P<0.05 - 713510 33450 |

["CnE vs B1-2 16120 |2876 P>0.05 ~239.9 10 32470
CnE vs B2-1 — |21670 3845 P<001 54009 to 36730
CnE vs B82-2 71550 11.79 P<0.01 54200 to 86900

Runl

Dunnett's Multiple Comparison 1est Mean DI, q ~ [P value ) 95% Clofdit |
CnE vs 10p 2506 0.4925 —[P>005 -12450 to 17640 |
CnE vs 100p 6122 1.006 P>0.05 [-11250 10 23500 |
CnEvs 1n 6597 1.307 P>0.05 7809 1o 21000

[ CnEvs10n R 12980 2.461 P>005 . |-2072 028020

E Vs 30n 28000 5.311 P<0.01 — [12950 to 43050
CnE vs 100n - 37530 7.119 P<0.01 22490 to 52580
CnEvs 1u 28230 — 15.355 P<0.01 13180 to 43260
CnE vs B1-1 6485 1.285 P>0.05 ~7922 to 20890
CnE vs B1-2 - 12800 2.289 P>0.05 -3160 10 28760 |
CnE vs B2-1 , 10080 1.997 P>0.05 4326 to 24490

CnE vs B2-2 146750 8.867 P <0.01 31700t0 61800 |

Run 2

Legend:

Cntl=control in general media with PBS and no NNK
CnE=c¢ontrol in ethanol media with PBS and no NNK
b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
122100 <M (B1-antagonist) + 1 xM NNK

b2-2=100 M ICI 118,551 (B2 antagonist) -+ 100 pM NNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 1 xM NNK



, BXPC-3 Cell Line in Ethanol Media Condltlons
AN OVA Wlth Bonferrom Multlple Comparlson Test
8 hrData ~

NNK vs. p1 Anta.gonist:_ -

Bonferront's Mulliple Comparison Test ~ |Mean DI, [t . Fvaive —Je% ClotaR |
~100p vs Bi-1 — | 28089 1.012. P>0.05 | ~3580 to 9199
Tuvs B1-2 5611 2.021 P>0.05 =779.2 10 12000 |
"Runl
" [Bonferroni's Muttiple. Companson Test -|Mean Diff. -t Pvaiue -  |95% ClI of diff
" [T100p vs BI-T 2430 0.08008 P>005 721510 6728
Tuvs B1-2 2695 "~ [0.8880 P> 0.05 427616 9666 |
“"Run2 -
Legend:

b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
b1-2=100 1M atenolol (B1 antagonist) + 1 M NNK




BxPC-3 Cell Line in Ethanol Media Conditions * *"*
AN OVA with Bonferroni Multlple Comparlson Test;
24 hr Data _
NNK vs. Bl Antagomst

Mean D,

P value

95% Cl of diff - -

Bonferroni's Multiple Comparison Test - t
~100p vs B1-1 5517 . [1.072 P>0.05 -5379 to 17410
1uvs B1-2 -21550 ~ |3.602 . . [P <0.01 -3537010 -7723
Run 1
) Bonferroni's Multiple Companson Test . Mean Diff. t . Pvalue . 95% Cl of diff
100p vs B1-1 1 {362.7 :]0.05636 . |P>0.05 -14480 to 15210 |
fuvsB1-2 | -15430 2.528 P <0.05 -28510t0-1350 -
Run 2
Legend

b1 1=10 .M atenolol (B1 antagomst) +100 pM NNK
b1-2—100 /,LM atenolol (B1 antagonist) + 1 uM NNK

1



BxPC-3 Cell Line in Ethanol Media Conditions
ANOVA with Bonferroni Multiple Comparison Test;
8 hr Data
NNK vs. f2 Antagonist

Bonferroni’s Muitiple Comparison Test MeanD’iﬁ. t. . P vélue ' 95% CI of diff
.| 100p vs B2-1 7499 2.439 P<0.05 420.0 to 14580
1uvs B2-2 i . |17350 6.557 P <0.001 11260 to 23440
Run 1
Bonferroni's Multiple Comparison Test Mean Diff. |t P value 95% Cl of dift
100p vs B2-1 1145 0.3773 P >0.05 -5827 t0 8116
1u vs B2-2 19220 6.334 "~ |P <0.001 12250 to 26190
Run 2
Legend:

b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 M ICI 118,551 (B2 antagonist) + 1 M NNK
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BxPC-3 Cell Line in Ethanol Media Conditions
ANOVA with Bonferroni Multiple Comparison Test;
24 hr Data
NNK vs. B2 Antagonist

Bonferroni's Multiple Comparison Test Mean Diff, t P value 95% Ci of diff
100p vs B2-1 8791 1.708 P>0.05 -3105 to 20690
1uvs B2-2 33890 _ |5.375 P <0.001 19320 to 48460
Run 1
Bonferroni's Multiple Comparison Test Mean Diff. t P value 95% Cl of diff
100p vs B2-1 3959 0.6153 P>0.05 -10880 to 18800
1uvs B2-2 18520 3.218 P <0.01 5243 to 31800
Run 2
Legend:

b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 M ICI 118,551 (B2 antagonist) + 1 uM NNK
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AsPC-1 CELL LINE

GENERAL MEDIA CONDITIONS



AsPC -1 Cell Lme in General Medla Condltlons

ANOVA with Dunnett Post Test 8 hr Data

- Control vs. All,Treatment Groups

‘ Dunﬁett’s Multiple Com;;an'son ’Test

T65% Clofaf

'

Cntl—control with PBS and no NNK
. b1-1=10 nM: atenolol (B1 antagonist) +100 pM NNK
b1-2=100 1M atenolol (B1 antagonist) + 1uM NNK'
b2-1=10 oM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 ,uM ICI 118,551 (B2 antagonist) + 1uM NNK

Mean Diff. q- " |P value
Cntivs 10p 455|148 P>005 ~13400 to 4489 |
Cntl vs 100p 4577 1267 P>0.05 -14800t0 5754 |
Cntivsin 4097 1230 “[P>005 ~5388 o 13580
~Cntlvs 10n 18147 —|0.2710 P>0.05 [-7747t0 9376 |
Cntl vs 30n 2658 ~[008385 P>005 . |967719208 |
[ Cnil vs 100n 6387 2125 P>005 . . [-217410 14950 |-
Cntivs 1 fesor - [0:8006 - P>005 |15516 10970 |
Cntivs B-1 4830 01607 - |P>005  |8079t 9045
Clivs B1-2 65855 |2068 P>005 - 23871 15500 |
“Cntivs B2-1 O - R EF 1T I GEL LR -490'2m
Cnilvs B2-2 32100 1088 P<001 ~[23540 t0 40660
Dunnets Muttiple Comparison Test - |Mean Diff. . q ) P value 95% Clofamr |
I Crivs 10p . 1954 0.7726 P>0.05 5240 10 9148
Cntl vs 100p 4506 1.781 P>005 - - - |-268810 11700 |
Crlivs 1n 8518 0.3040 “[F>005 - 7117 0 8821
Cnivs 10n 2518 06956 —|P>005 . . |4675109712
Ciivs 30n 7188 0.4456 [P>005 TIB0BI0T |
Cniivs 100n 5607 2217 P>0.05 ~[-1587.t0 12800
Crtivs 10 5273, 1996 P>0.05 - “224710 12790
‘Crilvs BT —|5689 2153" P>0.05 -1825 to 13200
Cnll vs B1-2 [5598 2371 P>0.05 1195 1o 13190
Crivs B2-1 {7495 23837 P>005° ~18.11 o 15010
Cnlvs 622 _ 20560 1166 P<001 T[2236015 36750 |-
Run 2
Legend"
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ASPC-1 Cell Line in General Media Conditions
"ANOVA with Dunnett Post Test; 24 hr Data
Control vs. All Treatment Groups

Dunnett's Muitiple Comparison Test Mean Diff. - qQ - P value 95% Cl of diff

Cnilvs 10p T — 7030 1.354 P>0.05 7703021760 |
Cnti vs 100p . {9992 —11.925 _ |P>0.05 474110 24720
Cnlivs 1n ' 14120 T |2.721 P>0.05 -609.4 to 26860
Cntlvs 10n .. - . 2988 - . |0.5096 - |P>0.05 13510 to 19430
Cnil vs 300 112240 2.249 P>0.05 3200 to 27690 |
Cnti.vs 1000 9816 1.891 P>0.05 4917 t0 24550 |
Cndvs 1u 9841 1.896 P>0.05 489210 24570
Cnti vs B1-1 8139 1.568 P>0.05 6594 10 22870 |
Cntlvs B1-2 8835 1.623 P> 0.5 6617 t0 24290
Cntl vs B2-1 6098 1175 P>0.05 863510 20630
Cntivs B2-2 42050 8.101 P<0.01 2732010 56790 |
Run1

Dunnetts Multiple Comparison Test Mean Diff, q P vaiue 95% Clofdiff |
Cnfivs 10p 9129 1511 P>0.05 8059 10 26320
Cnli vs 100p 801.9 0.1327 P>0.05 -16390 to 17990
Cnlivs 1n 18050 12,987 P<0.05 863.1 to 35240
Cnt vs 10n 12560 2.078 P>0.05 <4625t 29750
Cnit vs 30n 5725 0.9472 — [P>0.05 -11460 t0 22910
Cnfivs 100n 2680 0.4003 P>0.05 16360 10 21720

“Cntivs Tu 1127060 2.013 P> 0.05 ~5248 to 30660
Cnivs B1-1 12440 ~ |2.058 P>0.05 4748 10 29630
Cnllvs B1-2 : 9590 1519 P>0.05 -8363 t0 27540
Cntl vs B2-1 4509 0.7142 P>0.05 ~13440 10 22460
Cnlivs B2-2_ 53980 8551 P <0.01 36030 to 71930

Run 2
Legend:

Cntl=control with PBS and no NNK

b1-1=10 nM atenolol (1 antagonist) + 100 pM NNK
b1-2=100 M atenolol (B1 antagonist) + 1uM NNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 M ICI 118,551 (B2 antagomst) + 1uM NNK




ASPC-1 Cell Line in General Media Conditions *°°
ANOVA with Bonferroni Multiple Comparison Test;
- 8 hr Data
NNK vs. f1 Antagonist

Bonferroni's Multiple Comparison Test Mean Diff. t P value 95% Cl of diff

100p vs B1-1 - 5054 - ]1.440 P>0.05 -3053 to 13160
1uvs B1-2 4149 1.380 - P> 0.05 -2794 to 11090
Runl -
Bonferroni's Muitipie Comparison Test Mean Diff. t P value ~ |95% CI of diff
100p vs B1-1 1183 0.4676 P>0.05 -4652 to 7018
| wvsB1-2 725.5 . 0.2868 P > 0.05 -5110 to 6560
Run2
- Legend:

_b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK -
b1-2=100 1M atenolol (B1 antagonist) + 1 M NNK



AsPC 1 Cell Llne in General Medla Condltlons
AN OVA Wlth Bonferrom Multlple Comparlson Test
. . o 24hrData
NNK VS. Bl Antagomst

'[Bonferroni's Muitiple Comparison Test ~ [MeanDiff. [t . P valgé 95% Ci of diff
100pvsB1-1 . -1853 . . 10.3568 . P>0.05 . |-13810 to 10100
[TuvsBlZ - . . T . |-1005__ . [018a6 P>0.05 -13550 10 11540 |

Runl
Bonférrom"s Multiple Comparison Test Mean Diff. | It - P value 95% Clof diff
100p vs B1:1 L 11640 [2-020 ' P>0.05 _ |-1655 to 24930
1uvs B1-2 e -31 14 . - 0.4933 : P>0.05 -17680 to 11450
""Run2
Legend:. -

. b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK.
b1-2=100 M atenolol (B1 antagonist) + 1 M NNK




AsPC-1 Cell Line in Ethanol Media Conditions *°°
ANOVA with Bonferroni Multiple Comparison Test;
- 8hrData |
NNK vs. 32 Antagonist

Bonferroni's Multiple Comparison Test . Meah Diff. t P value 95% CI of diff
100p vs B2-1 . 8231 2.345 P <0.05 123.8 to 16340
fuvs B2-2 ] 29690 10.36 - |P<0.001 23070 to 36310

Run 1

Bonferroni's Multiple Comparison Test Mean Diff. t ' P value 95% CI of diff
100p vs B2-1 . ;|2e89 . - [1.182 P>0.05 ~2846 to 8824
1uvs B2-2 24280 9.600 P <0.001 18450 to 30120

Run 2
Legend:

b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 M ICI 118,551 (B2 antagonist) + 1 .M NNK
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ASPC-1 Cell Line in General Media Conditions
AN OVA with Bonferroni Multiple Comparison Test;
24 hr Data
NNK vs. 32 Antagonist

Bonferroni's Multiple Comparison Test - Mean DI ]t . .|P value 95% Cl of diff
| 100p vs B2-1 -3894 0.7501 P>0.05 -15850 to 8063
1uvs B2-2 32210 6.205 P <0.001 20260 to 44170
Run1
Bonferroni's Multiple Comparison Test Mean Diff. t P value 95% CI of diff
100p vs B2-1 3707 -10.6133 P >0.05 -10240 to 17650
1uvs B2-2 41280 6.539 P <0.001 26710 to 55840
Run 2
Legend:

b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 M ICI 118,551 (B2 antagonist) + 1 zM NNK




184

AsPC-1 CELL LINE

ETHANOL MEDIA CONDITIONS



' AsPC-1 Cell Line in Ethanol Media Conditions - ***
'ANOVA with Dunnett Post Test; 8 hr Data ”

5

Control vs. All Treatment Groups

95% Cl of diff

Dunnei_t's Multiple Comparison Test Mean Diff. q Pvalue -
Cnvs CnE -2093 0.6822 P>0.05 10370106780 |
Cnvs 10pM -12050 3473 P<001" -19850 to 4261
Cnvs 100p -5840 2.056 . P> 0.05 -14050 to 2375 |
Cnvs InM -8550 3.013 - P <0.05 -16770 to -343.4
Cnvs 10nM_ -7040 _ ~|2612 P>0.05 -14830 1o 753.3
Cnvs 30n 4820 1.697 P>005 -13030 to 3396
Cn vs 100n 2298 0.8070 P>0.05 -1051010 5923 |
Cnvs UM, . |-6886 2.244 P>0.05 -15760 to 1987
CnvsBi-2 2719 1.049 P>0.05 10220 to 4780
CnvsB1-2 ~|2493 0.9614. P>0.05 -5006 o 9993
Cn vs B2-1 2015 0.7476 P> 0.05 -9808 to 5779
Cnvs B2-2 25930 9.128 _[P<001 {17710 to 34140
Runl1
‘| Dunnett's Multiple Comparison Test Mean Diff. q . - |P value 95% Cl of diff
Cnvs CnE 2083 0.6822 P>0.05 ~10970 10 6780
Cnvs 10pM 12050 4473 P<0.01 19850 to 4261
Cnvs 100p "[-5840 2056 P>0.05 -14050to 2375 |
Cnvs InM ]-8559_ 3.013 P<0.05 -1677010-343.4 |
Cn vs 10NM 7040 2612 F>005 14830107533 |
Cnvs 30n . _ |[4820 11.697 P>0.05 13030 to 3396 _
Cnvs 100n 2288 ~}0:8070 . P>0.05 -1051010 5923 |
Cnvs 1uM 5886 2.24% P>0.05 15760 to 1987
CnvsB1-2' -2719° 1,049 P>0.05 -10220 to 4760
CnvsBi-2 2493 0.9614 P>0.05. ~5006 to 9993
Cn vs B2-1 2015 0.7476 P>0.05 9808 10 5779
Cnvs B_2-?;. {25930 ~lo128 P<0.01 17710 to 34140
Run 2
Legend:

Cntl=control in general médié. with PBS and no NNK
CnE=control in ethanol media with PBS and no NNK
b1-1=10 nM atenolol (f1 antagonist) + 100 pM NNK

b1-2=100 1M (B1 antagonist) + 1 .M NNK |
"7, b2-2=100 uM ICI 118,551 (B2 antagonist) + 100 pM NNK - °
: b2-1=10 nM ICI 118,551 (B2 antagonist) + 1 M NNK



AsPC-1 Cell Line in Ethanol Media Conditions *®
AN OVA Wlth Dunnett Post Test; 24 hr Data
Control vs..All Treatment Groups

* [Dunnetf’s Muitiple Comparison Test Mean Dift. -~ |q ] - P value 85% Ciofaff |
‘[CnvsCaE— 43610 . - [7.889 [P<001 274601059750 |
Cnvs 10pM 30420 - [5836 T |P<00T 75200 10 45630 |
Cnvs 100p - . [38100 __ [6.331 P<001 .  |205301055670 |.
CnvsinM R — |37180 7457 P<0.01 2261010 51750 |
Cn vs 10nM ‘ I 40980 . . . [6.810 . P<0.01 23410 to 58550 |
Cnvs30n T[T - < [p218 P<001 19850 1o 54990
Cnvs100n .. [39600 _ - [7598 P<0.07. 24380 to 54820
Cnvs uM . 35550 — [5-157 P<001 75420 1 55680
CnvsB12 .. o (%6960 . [6.143" 1 P<0.01 19390 to 54540
Cnvs BiZ ) 39560 (5741 - [P<001 . |19450 1059710 |
CnvsB2-1 - . |3B080 - . |5.996 . P<001 ~  |1851010 53650 |
Cnvs B2-2 . §3590‘ . |16.04 ~ |[P<0.01 68370 o 95610 ’
Runl -~ . 0
Dunnétt's 'Mulﬁple Comparison Tést ' Mean Diff. . q BE . P vaiue 95% [¢]] of diff
Cnvs CnE . . |%980 .- |10.13 . |P<00T 28530 t0 51160
~Cnvs 10pM — |60 . .[1098 P<001 .~ 285201043760 |
Cnvs100p . . |38430 10.02 — [P<001 . [281201050750 |
Cnvs InM ‘ § 42080 . 11.96 P<001 .  |31960 to 52200
Cnvs 10NM ———[5o0. . [&1 P<007 . [4745010 62680 |
Cn vs 30n - E 38120 - — 1033 P<0.01 " |2751010 48740
Cnvsi00n- . = 4330 . [1182 - P <0.01 "[33020 to 54250 _
Cnvs 1uM - 42810 11.60 P<001 32200 to 53430
Cnvs B1-2 T |42320 12.03 — |P<0.01 3220010 52450 |
CnvsB1-2 . ; 50750 - [12.90 . P<0.01 ~ |3944010 62070 |
[Cnvs B2-1 . |46280 . . [11.76. P <0.01 (34970 to 57600 |
[ CnvsB22 - — 93190 _ 2525 — |[P<0.01 82580 to 103800
Run'2
Legend:- -

Cntl=contro! in general media with PBS and no NNK
CnE=control in ethanol media with PBS and no NNK
‘b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK.
b1-2=100 LM (B1 antagonist) + 1 uM NNK .
- 52-2=100 1M ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-1=10 nM ICT 118,551 (B2 antagonist) + 1 /.LMNNK




AsSPC-1 Cell Line in Ethanol Media Conditions °”
ANOVA with Dunnett Post Test; 8 hr Data
Ethanol Control vs. All Treatment Groups

[Dunneff's Multiple Comparison Test Mean Diff. q P vaiue 95% Clotfdiff |
CnE vs 10pM 3442 1.662 P>0.05 9322 10 2438

CnE vs 100p 3069 2.061 P> 0.05 9676 to 1537 |

"CnE vs 1nM 1421 0.6861 P>0.05 7307104460 |
CnE vs 10nM © . |609.3 _ . . [0.3087 P> 0.05 6216 t0 4997 |

[ CnE vs 30n ) 4043 1.953 P>0.05 -1836 to 9924
CnE vs 1000 — |30 . [1897 P>0.05 -2256 to 8957
CnE vs 1uM {8655 4.384 P <0.01 3048 to 14260
CnEvs B1-2 P 9148 [04145 P>0.05 535310 7163 |
CnE vs B1-2 K " |z79% 1415 P>0.05 2812 to 8401

["CnE vs B2-1 i 3688 1.868 P>0.05 -1918 10 9295
CnE vs B2-2- 24060 1219 P <0.01 18450 to 29660

Runtl

Dunnett's Multiple Comparison Test Mean Diff. q P value 95% Clotdif |
CnE vs 10pM 9961 3.300 P<0.05 -18590 t0-1328 |
CnE vs 100p 3747 1.190 P>0.05 12780 to 5262
ChE vs 1nM 6465 2.054 P>0.05 15490 t0 2563 |
CnE vs 10nM 4947 1644 P>0.05 13580 t0 3686 |
CnE vs 30n 2726 0.8660 P>0.05 . ~11750 to 6302
CnE vs 100n -199.3 — [0.06332 P>0.05 9228 to 8820
CnE vs 1uM 4793 1424 P>0.05 ~|-14440 10 4859
CnE vs B1-2 626.0 0.2148 P>0.05 -8985 10 7733
CnE vs B1-2 4586 ~ 1574 P>0.05 377210 12950
CnE vs B2-1 78.47 0.02607 P>0.05 8554 0 8711
CnE vs B2-2 28020 8.901 P<0.01 18990 to 37050

Run 2
Legend:

Cntl=control in general media with PBS and no NNK
CnE=control in ethanol media with PBS and no NNK
b1-1=10 nM atenolo! (B1 antagonist) + 100 pM NNK

b1-2=100 uM (B1 antagonist) + 1 M NNK

b2-2=100 M ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 1 M NNK



AsPC-1 Cell Line in Ethanol Media Conditions
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ANOVA with Dunnett Post Test; 24 hr Data
Ethanol Control vs. All Treatment Groups

Dunnett's Multiple Combarison Test

Mean Diff. q P value 95% CI of diff
CnE vs 10pM 13190 2.354 P>0.05 -29490t0 3115 |
CnE vs 100p -5504 0.8628 P>0.05 -24070 to 13060 |
CnE vs inM 6430 1.193 P>0.05 2212010 9259 |
CnE vs 10nM 2626 0.4116 P>0.05 21190 to 15840
CnE vs 30n 6186 0.9696 P>0.05 24750 to 12380 |
CnE vs 100n 4004 0.7147 P>0.05 _[-20310 to 12300
| CnE vs 1uM 8055 1114 P>0.05 ~29100 to 12990
[CnE vs B1-2 6641 1.041 P>0.05 -25200 to 11920
CnE vs B1-2 4025 0.5564 P>0.05 25070 to 17020 |
CnE vs B2-1 17523 179 P>0.05. -26090 to 11040
| CnE vs B2-2 39980 7.136 P<0.01 23680 to 56290
Run1
Dunnetts Multiple Comparison Test Mean DI, q P value 95% Clof it |
CnE vs 10pM -1209 0.3001 P>0.05 -12710 to 10290
CnE vs 100p 417.3 0.09458 P>0.05 -13020 to 12180 |
CnE vs 1nM 2233 05545 P>005 526916 13730 |
CnE vs 10nM 12220 2.919 P<0.05 264.410 24170 |
"T"CnE vs 30n 1726 04124 P>0.05 -13680 to 10230 |
CnE vs 100n 3784 0.9042 P>0.05 -8169 10 15740
ChREvs UM 2964 0.7081 P>0.05 -8989 to 14920
CnE vs B1-2 2377 0.6750 P>0.05 9025 to 13980
[TCnE vs B1-2 70010 2472 P>0.05 -1693 to 23510
CnE vs B2-1 6439 1.460 P>0.05 6161 fo 19040
CnE vs B2-2 ~ |53340 12.75 P<0.01 21390 to 65300
Run2 : '
Legend:

Cntl=control in general media with PBS and no NNK
* CnE=control in ethanol media with PBS and no NNK
b1-1=10 nM atenolol (f1 antagonist) + 100 pM NNK

b1-2=100 M (B1 antagonist) + 1 LM NNK

b2-2=100 2M ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 1 M NNK



~ AsPC-1 Cell Line in Ethanol Media Conditions '°°
ANOYVA with Bonferroni Multiple Comparison Test;
| | ' 8 hr Data |
NNK vs. B1 Antagonist

‘ Bonferroni's Multiple Comparison Test'  |Mean Diff. |t P value 95% Cl of diff
100p vs B1-2 . |4s84 2252 P>0.05 -107.4 to 10080
1uMvs B1-2 o -§861 2.960 P <0.01 -10410 to -1307

" Runl
Bonferroni's Multiple Comparison Teét Mean Diff. ‘ t Pvalue - 95% Cl of diff » .
100p vs B1-2 . i 3121 - 1.203 ] P >0.05 -2897 to 9139
1uMvs B1-2 + "|9379 . 3.302 P<0.01 2787 to 15970
Run 2
Legend:

b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
b1-2=100 M atenolol (B1 antagonist) + 1 M NNK



AsPC-1 Cell Line in Ethanol Medla Condltlons

ANOVA Wlth Bonferroni Multiple Comparlson Test,
- 24hrData

NNK vs. 1 Antagonist

Mean DIF.

95% Clofaif |

Bonferroni's Multiple Comparison Test |P valee

100p vs B1-2 -1136 0.1689 P>0.05 -16870 to 14600

1uMvs B1-2 © {4031 0.4891 P>005 - ~|-15240 to 23300
Run1 .

Bonferroni's Multiple Comparison Test, ,|Mean Diff. St P value .|95% Cl of diff

.100p vs B1-2 2894 - 10.7356 P>0.05 6187 to 11870 | B
1uM vs B1-2 7943 1.943 P>0.05 -1494 to 17380
‘Run2 .

Legend

bl-1= 10 nM atenolol ([31 antagomst) + 100 pM NNK

b1-2—100 uM atenolol ([31 antagonist) + 1 uM NNK



ASPC-1 Cell Line in Ethanol Media Conditions
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ANOVA with Bonferroni Multiple Comparison Test;
24 hr Data

NNK vs. 2 Antagonist

Bonferroni's Multiple Comparison Test Mean Diff. t P vaiue 95% Cl of dift
100p vs B2-1 -2020 0.3002 P>0.05 -17760 to 13720
1uMvs B2-2 48040 6.968 P <0.001 3191010 64170

Run 1

Bonferroni's Multipile Comparison Test”  |Mean Diff.- 1t P value 95% Cl of diff
100p vs B2-1 6856 1.591 P>0.05 -3091t0 16800 |
1uM vs B2-2 50380 13.07 P <0.001 41480 to 59280

Run 2
Legend:

$2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
2-2=100 M ICI 118,551 (B2 antagonist) + 1 xM NNK



ASPC-1 Cell Line in Ethanol Media Conditions *°*
ANOVA with Bonferroni Multiple Comparison Test;
| 8 hr Data
NNK vs. 2 Antagonist

Bonferroni's Multiple Comparison Test Mean Diff, t P value 95% C) of diff
| 100p vs B2-1 7758 3.918 P <0.001 3204 to 12310

1uM vs B2-2 : 15400 7.779 P <0.001 10850 to 19960 |
Run 1

Bonferroni's Multiple Comparison Test Mean Diff. t P value 95% CI of diff
100p vs B2-1 3825 1.419 1P>0.05 -2429 to 10080
1uM vs B2-2 32820 10.70 P <0.001 25690 to 39940

Run 2
Legend:

b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
2-2=100 M ICI 118,551 (B2 antagonist) + 1 zM NNK
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GENERAL MEDIA CONDITIONS



Capan-1 Cell Line in General Media Conditions
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ANOVA with Dunnett Post Test; 8 hr Data

“Control vs. All Treatment Groups

Dunnetts Muliple Companison Test . JMean Dif. q_ P value - §5% Clof diff |
Cnilvs 10p .. 962.1 . 0.5915 P>0.05 -3660 10 5584 |
Chtlvs 100p — [3648 2243 P>0,05 -974.0t0 8271
Cntivs in - 12710 1.747 P>0.05 697 0 7117 |
Cniivs 10n 6230 3.830 P <0.01 1607 1o 10850 |
Cnil vs 30n 6266 4,041 P<0.01 1850 10 10670 -
Cntl'vs 100n 4571 2847 TP<0.05 163318978 |

TCnivstu 7064 ~ 14.343 - P<0.01 . 244110 11690 . |
Cntl vs B1-1 4187 12696 . P>0.05 -226.7 to 8588 |
Cnvs B1-2 4451 2.870 "[P<0.05 4368108858 |
Cnilvs B2-1 16175 3,982 P<0.01 1768 to 10580
Cnil vs B2-2 13840 7.983 P<0.01 891410 18770
"Run.1 o

Dunnett's Multiple Comparison Test . [Mean Diff.- q - P value 95% CI of diff

Cntvs 10p 7016, . 3.661 P<0.01 7592 o 12440
Cnfl vs 100p 6885 . 3.502 P<001 1467 to 12310
Cativs n N 51 AN TERY X 77 P>0.05 ~206.9 10 10640
Cnllvs 10n B 4185 P<001 2598 to 13450,
Calvs30n . . T |2668 P>005 311210 10540 .
Cntivs 700n N & 3055 - P<0.07 2347 to 13200
Cnlivs 1u o717 5.070 — [P<00T 4293 o 15140 .

. [ Crlivs BT-T 6453 (3367 ~|P<0.05 . |1029t0 11880 |
* [ Cntlvs B1-2. 6456 3368 P<0.05 .~ [103210 11880

“Crivs B2-1 A CAL R 7L P<001 2680 to 13530

Colivs BZZ_ - 18220, 19505 P<001 12790 to 23640
o Legenﬂz

Cnt1=con1101 w1th PBS and no NNK

b1-1=10 nM atenolol (Bl -antagonist) + 100 pM NNK

-b1-2=100 M atenolol (B1 antagomst) + 1luM NNK =
b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2—100 /.LM ICI 118, 551 ([52 antagomst) + luM NNK -

.

Dl

7.
- ¢



Capan-1 Cell Line in General Media Conditions 193
AN OVA Wlth Bonferroni Multiple Comparlson Test;
8 hr Data
NNK vs. 1 Antagonist

[Bonferroni's Multiple Companson Test Mean Dif. t

P value 95% C! of diff

100p vs B1-1 532.2 0.3272 P>0.05 -3218 to 4282

1uvs B1-2 -2(_513 1.606 P>0.05 -6363 to 1137

Run 1

Bonferroni's Multiple Comparisoh Test ) Mean Diﬂ. 3 ) |P value 95% Cl of ot

100p vs B1-1 -431.8 N 0.2253 P>0.05 -4838 to 3975
Tuvs B1-2 , . |32 - [T702 P>0.05 7668 o 1145 _

Run?2. -
Legend:

b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
b1-2=100 1M atenolol (B1 antagonist) + 1 M NNK




Capan-1 Cell Line in General Media Conditions
- ANOVA with Bonferroni Multiple Comparison Test;
8 hr Data
NNK vs. 32 Antagonist

Bonferroni's Multiple Comparison Test Mean Diff, t P value 95% CI of diff
100p vs B2-1 2527 1.553 P>0.05 -1223 to 6276
1uvs B2-2 6778 3.762 P <0.001 2623 to 10930

Run 1

Bonferroni's Multiple Comparison Test Mean Diff. t P value 95% Cl of diff
100p vs B2-1 1219 0.6358 P>0.05 -3188 to 5625
fuvs B2-2 8500 4435 P < 0.001 4094 to 12910

Run 2

Legend:

b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 uM ICI 118,551 (B2 antagonist) + 1 M NNK

196
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Capan-1 CELL LINE

- ETHANOL MEDIA CONDITIONS



| Capan-l Cell Llne in Ethanol Medla Conditions ¢
AN OVA with Dunnett Post Test; 8 hr Data o
Control VS, All Treatment Groups

Dunnett's Muitiple Comparisor; Test ™ - Mean lef N - I ) P value ' : 95% Ci of diff .

Cnvs CnE , 11423 —[0.9258 P>005 _ -2595 fo 5842

Cnvsi0p — 6310 03918 ...~ |P>005  |4003105265 |
Cnvs 100p |27 1681 P> 005 o236 7345
Cnvsin T - |1eer - |73 P>005 | |2744106525 |
Cnvs 100 . .[6728 . [03573 P>005 _  [473910 6085
Cn vs 30n . “jeoot - [1.584 P>0.05 -241110 8413
Cn vs 100n 817 - [2482 P>0.05 ~602.0 t0 8235
Cnvs 1u 4283 |2.760 P>0.05 175.8 to 8661
Cnvs B1-1 } 2762 - 1713 —|P>0.05 187210 7307 |
CnvsB1-2 . |9432 05487 . P>0.05 ~3967 10 5883

“CnvsB21 | B k17 I 2.425 P>005 _ |689.6t08148

"Cnvs B2-2 ' 11430 7.437 P<0.01 7016 to 15850

Runl .

Dunnetfs Muttiple Comparison Test ~[Vean DA, T ~F value 95% Clofdiff |
ChEvs 10p - |7e2a 05780 F>005 3256 16 1671
CnE vs 100p 1288 1492 P>0.05 117610 3751 |
CnEvs 1n - - |#74 05416 P>005 . |-19961t0 2931
CREvsTOn —[7505 - 0.7446 P>0.05 -3627 t0 2126 - |

[~CnE vs 300 — - [i578 . |i&65. [P>005 . |-1299 104454
CnE vs 100n T |2383 . |2908 <005 34.66 to 4742
CnEvs 1U .. 7 |82 ;|84 - |P<005 - 3708105168 |
CnE vs BI-1 — 1339, . |[1551 ~  |P>005 - |-1124 to 3802

CnEVSBiZ , . |4802 - _ |05219 _ P>005, -3106 10 2146
ChE vs B2-1 T f2306 . . |2802 . |P>005.. - |4301104654
CnEvsB22 10010 - 12.16° P<0.01 7662 to 12360 |

Run 2
Legend:

Cntl—control in general medla Wlth PBS and no NNK
CnE—control in ethanol media with PBS and no NNK

bl 1=10 nM atenolol (f1 antagonist) + 100 pM NNK
b1-2=100 M (B1 antagonist) + 1 M NNK @
b2-2=100 M ICI 118,551 (B2. antagomst) +100 pM NNK
b2 1=10. nM ICI 118 551 (B2 antagomst) +1 ;/,MNNK



Capan-1 Cell Line in Ethanol Media Conditions
ANOVA with Dunnett Post Test; 8 hr Data
Ethanol Control vs. All Treatment Groups

Dunnett's Multiple Comparison Test Mean Diff. q P value 95% CiI of diff
Cnvs CnE 1922 0.2468 P>0.05 -2090 to 2474
Cnvs 10p 2114 2477 P>0.05 -731.810 4060 |
Cn vs 100p 1125 1.445 P>0.05 -1157 to 3407
Cnvs 1n 736.2 0.8683 P>0.05 -1748 to 3220
Cnvs 10n 1835 2.164 P>0.05 -649.310 4319
Cnvs 30n 1012 1,300 P>0.05 -1269 to 3294
Cn vs 100n 4167 4.915 P<0.01 1683 to 6651
Cnvs 1u 3820 4.906 P<0.01 1539 to 6102
Cnvs B1-1 2789, 2882 P>005 -295.310 4673
CnvsBi-2 1345 . 7586 - P>005 114010 3829
Cnvs B2-1 - 1823 2.593 P>0.05 -237.1t0 3882 |
Cnvs B2-2 o i |102%0. . E 11214 P<0.01 7809 to 12780

Runl o :

Dunnett's Multiple Comparison Test Mean Diff. q P value 95% Clordif |
CnE vs 10p 1922 1.883 P>0.05 -1058 fo 4802
CnE vs 100p 933.0 1.120 P>0.05 -1501 to 3367
CnEvs 1n 544.0 0.6043 P>0.05 -2085 t0 3173
CnE vs 10n 1643 1.825 P> 0.05 -985.8 to 4271
CnE vs 30n 820.3 0.9842 P> 0.05 -1613 to 3254

| CnE vs 100n 3975 4.415 P <0.01 1346 1o 6603
CnEvs iu - 3628 4.354 P<0.01 1195 to 6062
CnE vs B1-1 1997 2.218 P>0.05 -631.8 104625

I CnE vs B1-2 1152 1.280 P>0.05 -1476 to 3781
CnE vs B2-1 1631 2.143 P>0.05 -591.0 to 3852
CnE vs B2-2 10100 11.22 P <0.01 747210 12730

Run 2

Legend:

Cntl=control in general media with PBS and no NNK
CnE=control in ethanol media with PBS and no NNK
b1-1=10 nM atenolol (§1 antagonist) + 100 pM NNK

b1-2=100 uM (B1 antagonist) + 1 xM NNK

b2-2=100 «M ICI 118,551 (B2 antagonist) + 100 prNNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 1 uM NNK

199



Capan-1 Cell Line in Ethanol Media Conditions *°°
ANOVA with Bonferroni Multiple Comparison Test;
8 hr Data

NNK vs. 1 Antagonist

" [Bonferroni's Multiple Companson Test Mean Diff. t P value 95% CI of dift
. 100p vs B1-1 51.40 0.03052 . [P>0.05 -3834 to 3937

1uvs B1-2 -3300 1920 . P> 0.05 -7265 to 665.6
Run1

- |Bonferroni's Multiple Comparison Test Mean Diff. t P value 95% Ci of diff
100p vs B1-1 1064 1.200 P >0.05 -1016 to 3143
1uvs B1-2 - |-2476 2.792 P <0.05 -4555 to -396.6
Run 2

Legend:

b1-1=10 nM atenolol (1 antagonist) + 100 pM NNK -
b1-2=100 uM atenolol (1 antagonist) + 1 M NNK



, Capan-l Cell Lme in Ethanol Medla Condltlons
AN OVA w1th Bonferrom Multlple Comparlson Test

.8 hr'Data -

NNK VS, [32 Antagonlst

Mean Diff.

Pvalue -

B5% Cl of aiff |

Bonferroni's Multiple Comparison Test“' it - ,
100p vs B2-1 1018 .- 0.6313 P> 005 - [-2702t0 4738
fuvs B2-2 . 7192 . |4.678 P<0.001 . 3645 to 10740
.~ Runl " : SR
Bonferroni;s i\nultiple Comparison Test Méan Diff. ot P\)alde |95% Cl of dlff 1
100p vs B2-1 .- |697.5 . 0.9308 P> 0.05 -1-1060 to 2455 | ‘
1uvs B2-2 . ) - -|6473 . . 7300 ~ P< 0.0Q1 4393 to 8552 . )

" - Run2

Legend'

b2-1=10 nM ICT- 118 551 (pz antagomst) +100 pM NNK .
- 52-2=100 ™ ICL 118,551 ((32 antagomst) +1 uM NNK
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Panc-1 CELL LINE

GENERAL MEDIA CONDITIONS



Panc-1 Cell Line in General Media Conditions 203
ANOVA with Dunnett Post Test; 4 hr Data
Control vs. All Treatment Groups

Dunnetts Muttiple Comparison Test Mean Diff. q P vaiue 95% CI of m
Cntivs 10p 4238 0.3510 P>0.05 386210 3015 |
Cnti vs 100p 1516 1.209 P>0.05 -5090 to 2057
Cnlivs in 997.9 0.8266 P>0.05 2440 to 4436
Cntivs 10n 456.3 0.3636 P>0.05 =317 104030 |
Cntivs 30n 2137 1,703 P>0.05 -1436t0 5710
Cntl vs 100n : 1700 1.355 P>0.05 Z1873105273 |
Cntivs 1u ‘ 6758 5.387 P<0.01 3185 to 10330
Cntl vs bi1-1 594.4 0.4924 P>005 -2844 to 4033
Cntlvs b1-2 4726 3.766 P <0.01 1152 to 8299
Cnil vs b2-1 3508 2.980 P<0.05 159.4 to 7036
Cntl vs 622 . |13%80 1.5 P<0.01 10410 to 17560 |

Run1
Bunnetts Multiple Comparison Test - JMean Diff. Tq , [P value 95% Clofdiff |
Cntl vs 10p 2111 2498 P>0.05 2945104516

“Cntlvs 100p 1128 1.264 P>0.05 1372 to 3628
Cntivs in 2876 3275 P <0.05 3764105376 |
Cntlvs 10n . 3549 4.041 P <0.01 1049 to 6049
Cntl vs 30n 5644 6.426 P <0.01 314510 5144
Cntivs 100n 6303 7475 P <0.01 3803 to 8602
Cntivs 1u 8372 [9.531 P<0.01 5872 10 10870
Cnti vs b1-1 T |3249 3.844 P <0.01 84381056556 |
Cntlvs b1-2 2340 2.769 P>0.05 65.20 to 4746
Cntl vs b2-1 5126 6.065 P<0.01 2720 to 7531
Cntl vs b2-2 12530 14.82 P<0.01 10720 to 14930

Run 2

Legend:

Cntl=control with PBS and no NNK = |

b1-1=10 nM atenolol (§1 antagonist) + 100 pM NNK
b1-2=100 uM atenolol (B1 antagonist) + 1TuM NNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 M ICI 118,551 (2 antagonist) + 1uM NNK



Panc-1 Cell Lme in General Medla Conditions
ANOVA with Bonferrom Multlple Companson Test;

"4 hr Data

NNK vs. 1 Antagonist

Bonferroni's Multiple Comparison Test

Mean Diff. t Pvalue |~ 95% CI of diff
100p vs b1-1 2111 1.864 P> 0.05 -504.9 to 4726
1tuvs b1-2 -2033 1.718 P> 0.05 |-4765 to 699.4
Run 1
Bonferroni's Multiple Comparison Test Mean Diff.' t P value 95% Cl of diff
“{ 100p vs b1-1 2121 2676 P<0.05 - 201.3 to 3951
.| fuvsb1-2 -6032 7.607 P <0.001 -7862 to 4202
Run 2
Legend:

b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK
b1-2=100 1M atenolol (B1 antagonist) + 1 M NNK
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Panc-1 Cell Line in General Media Conditions *°°

AN OVA with Bonferroni Multiple Comparlson Test;
4 hr Data
NNK vs. 2 Antagonist

Bonferroni's Multiple Comparison Test Mean Diff. t ] P value 95% CI of diff

100p vs b2-1 5114 4516 P <0.001 249810 7730

1u vs b2-2 7226 6.109 P <0.001 {4494 to 9958
Run 1

Bonferroni's Muiipie Comparison Test Mean Diff, 1 P value 95% CI of diff

100p vs b2-1 3998 5.043 P <0.001 2168 to 5828

1u vs b2-2 4157 5.243 ) P <0.001 2327 to 5987
Run 2

Legend:

b2-1=10 sM ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-2=100 M ICI 118,551 (B2 antagonist) + 1 M NNK



.Panc-1 CELL LINE

ETHANOL MEDIA CONDITIONS
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- Panc-1 Cell Line in Ethanol Media Conditions 2%’
ANOVA with Dunnett Post Test; 4 hr Data

Control vs. All Treatment Groups

Dunnetf's Multipie Comparison Test Mean Diff. q P value 95% Clof diff |
Cntivs CnE -2086 1.370 P>0.05 -6455 to 2283 |
Cnlivs 10p . 2264 0.1431 P>0.05 4314t0 4767 |
Cntvs 100p 1156 0.7308 P>0.05 -338410 5696 |
Cntivs 1n 9419 ~{0.6788 P>0.05 3427 10 5311
Cniivs 0n 2865 1.811 P>0.05 -1675 to 7405 |
Cnillvs 30n 3871 2.321 P>0.05" 9143810 8657 |
Cntl vs 100n 5693 3.161 P<0.05 523.6 to 10860
Cntivs 1u 2140 1.406 P>005 -6508 t0 2229
Cntl vs B1-1 2104 1.382 P>0.05 6473 10 22_64*1

| Cntivs B1-2 2129 1,399 P>005 6498102240 |
Cntl vs B2-1 -353.8 0.2324 P>0.05 4723104015
Cntivs B2-2 11880 7.805 P<0.01 751310 16250 |
Run 1 ¢ -

Dunnetts Multple Companison Test Mean Dif.- q - [P value 95% Clofdifi |
Cnll vs CnE -8657 5.824 P<0.01 12530 to -4382
Cntivs 10p -10310. 6.203 P <0.01 15970 10 -5851
Cntl vs 100p 7702 4.986 P<0.01 -12140 10 -3259
Cntlvs 1n 6231 4.192 P<0.01 -10510 t0 -1956
Cnt vs 10n 53.45 0.03460 P>0.05 | 4389 to 4496
Cntl vs 30n 1108 0.7452 P> 0.05 -3167 10 5363
Cntivs 100n 7205 3425 P <0.01 2521 10 11890
Cotlvs 1u - 177.3 0.1148 P>0.05 4620 10 4265
Cntl vs B1-1 4362 2824 P>0.05 -80.67 to 8805
Cntlvs B1-2 5554 3.736 P <0.01 1279 10 9829
Cntl vs B2-1 6900 4.238 P <0.01 2217 to 11580
Cntl vs B2-2 16510 11 P<0.01 12240 to 20790

Run 2
Legend:

Cntl=control in general media with PBS and no NNK
CnE=control in ethanol media with PBS and no NNK
b1-1=10 nM atenolol (1 antagonist) + 100 pM NNK .
b1-2=100 M (B1 antagonist) + 1 M NNK

b2-2=100 M ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-1=10 nM ICT 118,551 (B2 antagonist) + 1 M NNK




Panc-1 Cell Line in Ethanol Media Conditions °°°

ANOVA with Dunnett Post Test; 4 hr Data
Ethanol Control vs. All Treatment Groups

Legend:

Dunnett's Multiple Comparison 1est Mean Dt q P value 95% Clof diff |
CnE vs 10p 2313 1.700 P >0.05 -1559t0 6184
CnE vs 100p 3242 2.384 P>0.05 -629.1t0 7113
CnEvs 1n 3028 2335 P >0.05 -663.1 to 6719
-CnE vs 10n 4951 3.640 P <0.01 1080 f0 8822 |
CnE vs 30n 5957 4.108 P <0.01 1830 to 10080
CnE vs 100n 7779 4.897 P <0.01 3258 to 12300
CnEvs 1u -563.50 0.04125 P>0.05 -3745 t0 3638 |
CnE vs B1-1 -1833 0.01413 P>0.05 -370910 3673 |
CnE vs B1-2 -42.83 0.03303 P >0.05 -3734 t0 3648
CnE vs B2-1 1732 1.336 P>0.05 -1959 to 5423
CnE vs B2-2 13970 10.77 ' P <0.01 10280 to 17660

Run 1

[Bunnett's Multiple Comparison 1est Mean Diff. q P value 95% Clof aiff |
CnE vs 10p -2252 1.463 P>0.05 -6643 to 2139
CnE vs 100p 955.5 0.7248 P>0.05 -2804 t0 4715
CnEvs 1n 2426 1.930 P>0.05 -1159 to 6011
CnE vs 10n 8711 6.607 P<0.01. 4951 to 12470 |
CnE vs 30n 9765 7.768 P <0.01 6180 to 13350 |
CnE vs 100n 15860 11.29 P<0.01 11850 to 19870
CnEvs 1u 8480 6.432 P <0.01 4720 to 12240

[ CnE vs B1-1 13020 9.875 P<0.07 925910 16780 |
CnE vs B1-2 14210 11.31 P <0.01 10630 to 17800
CnE vs B2-1 15560 11.07 P <0.01 11550 to 19570 |
CnE vs B2-2 25170 20.02 P <0.01 21590 to 28760

Run 2

Cntl=control in general media with PBS and no NNK
CnE=control in ethanol media with PBS and no NNK
b1-1=10 nM atenolol (B1 antagonist) + 100 pM NNK

b1-2=100 M (B1 antagonist)-+ 1 M NNK

b2-2=100 M ICI 118,551 (B2 antagonist) + 100 pM NNK
b2-1=10 nM ICI 118,551 (B2 antagonist) + 1 M NNK



" Pane-1 Cell Line in Ethanol Media Conditions *°°
AN OVA Wlth Bonferrom Multiple Comparlson Test
4 hrData
NNK vs. p1 Antagomst

- |Bonferroni’s Mu|tiplé Comparison Test ‘Mear'l oift. . jt Pvaiue © |95% Clof diff |
0PV BT . . |90 . |2283 . F>005 55511 3021
TuvsBIZ . T [0s7 500783 F>005 3127 10 3148

" Runl- ;.

- [Bonferronts Mulliple Comparison Test ~— [Mean D, -]t~ [Pvale —|35% CTora ]
00pvs BIT 3 T [12060 .. [8.283 . [P <0001 8702 to 15430
[uvsBi2: T |51 . a0 |P<0001 T ;[2513 108950 .
Run 2 4
Legend

bl 1= 10 nM atenolol (ﬁl antagomst) +100 pM NNK L
b1-2—100 ,uM atenolol (ﬁl antagomst) +1 ,LLM NNK S



Panc-l Cell Lme in Ethanol Medla Condltmns

AN OVA Wlth Bonferroni Multlple Comparlson Test

4 ‘4 hr Data _
NNK vs. B2 Antagomst

Bonferroni’s Muitiple Corhparison »'[est,' . [MeanDiff. = It P value ] 95% Cl of diff

100p vs B2-1 — - [|-1510 1057 P>0.05 480010 1781 |
TuvsB2-2. . 74020 . |10.30 P<0001T . 10880t 17160
Run 1
[Bonferroni's Multiple Companison Test ~|Mean DA, T P value ~195% Ciof diff -
100p vs B2-1 - |14600 . |9.453 P<000T - [11040to 18170 |
TuvsB2-2 - T , 16690 11.97 — [P<0.001. 13470 to 19910
Run2-.
Legend

b2-1 10 nM ICI 118,551 (|32 antagomst) +100 pM NNK
b2-2—100 ,uM ICI 118, 551 (B2 antagomst) +1 ,uM NNK

10 '
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PART IV

SUMMARY
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Chapter 4: Summary

" Pancreatic carcinoma is ar dismal disease with poor survival rates: 3-5%, 5 years; 9%, .

2 years. Although it rs the 4" leading cause of r:arrcer death in people, it ranks 11* overall
in cancer incidence (Gold, 1998; Kinjo, 1998). Tr)bacco and alcohol ponsumption are risk
~ factors for a number of diseases which include pancreatic .cancer (Drryer, 1987; McCoy,
1979; Tugns, 1979; Park, 1995). Ttre majority (75%) of pancreatic cancers are ductal
adenocarcinoma. Ki-ras mutations and p53 mutations are véry common in these cancers,
75% and 50% respectively. There are controversies in regard to the role risk factors and
genetic mutations have in this cancer type. |
Alcohol is knowrr to cause pancreatitis. Chronic pancreatitis is believed to be a risk
factor for pancreatic carcinoma. However, the causative link between rhese two factors is
unclear (Gold, 1998; Gordis, 1993). Ki-ras mutations have been reported to lower in
. incidence in patients who smoke arld consumed alcohol (I\'ialats, 1997) In addition, it is
reported that patients lacked Ki-rers and p53 mutations have decreased survival times
" (Dergham, 1997).
NNK, a by-product of nicotine nitrosation, is one of the most potent carcinogens in
tobacco (Hecht, 1998). The role of NNK in development of lung cancer islwell-docmnen'ted.
Using aktransplacental hamster model of NNK induced carcinogenesis via intratracheal

injection of NNK, it was noted that pretreatment with ethanol changed the target organ of

cancer development from the respiratory tract to the pancreas (Schuller, 1993).




The research ﬁndmgs descnbed in Parts II and m d1d not completely support the

- central hypothesxs The central hypothes1s of tlus d1ssertat10n was that NNK would 1nduce
| ) prohferatlon in selected pancreat1c adenocarcmoma cell hnes would be blocked by subtype :

“-‘ specrﬁc beta-adrenerglc antagomsts and these effects would be enhanced by the: presence

: of ethanol However, the first speclﬁc hypotheses, whlch stated that ethanol treatment via

k the dnnkmg water m pregnant hamsters would increase the receptor dens1ty ‘of beta-

. adrenerglc receptors in fetal pancreas and that pancreatlc cell lines would contain beta-

adrenergm receptors, were supported by rad1011gand bmdmg stud1es and RT-PCR in Part I.

‘ The second spe01ﬁc hypotheses, that NNK would mcrease cell prohferatlon in these selected

cell lmes and that ethanol would enhance this effect, were examined by measuring DNA

synthes1s as a flmctlon tntlated thyrmdme 1ncorporat1on in Part II The ﬁndmgs did not

support tlus hypothes1s .The spemﬁc hypothes1s, that the cell prol1ferat10n would by blocked

" with site selectlve antagomst was part1a11y supported

Beta—adrenerglc receptors were found to be present in fetal hamster pancreas and in

4 pancreatlc carcmoma cell lmes (BxPC-3 ‘AsPC-1, Capan—l Panc-1). Both Byand B

subtypes of adrenergm receptorsﬂwere. found to be present. Sa,turatmn binding studies

" conducted in the fetal hamster ‘pancreas tissues revealed an increased number of beta-

adrenerglc receptors m the tissues'derived from dams who had received ethanol compared
to those dams who had received~,only water. ' Radioligand binding studies in these fetal
tissues :reveal—e'd thatf 1n the non-treated‘ fetal pancreas B, yvas the predominant subtype.
Ethanol modulated the relat1ve subtype proportlons and changed the predommant subtype

to B,. S1m11a1' proportlons of [32 to B, found in the ethanol denved fetal pancreas were
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present in the pancreatic carcinoma cell lines, partlcularly m the BxPC-3 arld ASPC-I v_cell : :
lines. Although, three of these cell lines (BxPC:B, Capan-1, l?arrc;l) haw'/e‘be'en preViously B
reported to possess beta-adrenergic receptors (Al-Nakvkash,k 1996); the relative proportions
of ‘speciﬁc beta-adrenergic subtypes hes not been previoosly reported.

Although,!vthe relative proportions of B, to B, receptors in the pancreatic cell lines
were sirriilar to those found in the ethanol derived fetal pancreas, it is not known what effect
ethanol played in this finding. Risk factor histories from the patients in which the cell lines
were derived were not available; therefore, it is not known to what extent these petients
consumed alcohol. The majority of previous studies examining the effect of ethanol'ort
density and a.fﬁmty of beta-adrenergrc receptors m‘a number of tissues have found a decrease

in the overall numbers of receptors (Koga, 1993 Maki, 1990; Pohorecky, 1992) In general,

. the decrease has been attributed to down regulatlon of these receptors followmg increased . -

le\'rels‘ ot‘catecholarmnes resultm‘g from ethanol exposore. These studles d1d not address’

oiffererrces in subtypes. | o
As demonstr;ited by the competition bmdmg studies, in the fetatl pe.ncreases, NNK

botnd to the beta-'adrener'gic receptors Arr.‘interesting ﬁnding was that ethanol treatment

resulted ina , shift in the bmdmg curve to the leﬁ suggestmg an increased afﬁmty for the

receptors Etha.nol could have mcreased the afﬁmty of NNK for the receptors or NNK could

‘preferentlally bmds to one subtype Compet1t1ve radlohgand b1nd1ng studles using 31te

selective rad:lohgands or studies usmg membranes denved from cells transfected w1th one 1-

subtype or the other could be used to more clearly determine th15 questlon.
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-

In the !:ransplaceqtal hamstef model in which dams pretreated with gthanol prior to
receiving an intratracheal injection of NNK, the ethanol treatment modulated the target organ
of NNK. Given those findings, it was nof completely unexpected that NNK alone did not
increase DNA synthesis in these selected pancreatic carcinoma cell lines. However, prior
exposure to ethanol did not consistently result in or enhance the DNA synthesis. In some
cases, there was inhibition compared to controls. This finding, too, was not consistent. The
consistent finding in the cell prolifefation assays was a statistically significant decrease in
groups treated with the 3, antagonist and NNK compared to controls and treatment groups
containing equimolar conCeptrations of NNK alone. This finding, although not further
enhanced, was consistent under ethanol media conditions. This finding suggest that there
was inhibition of a mitogenic pathway driven by beta-adrenergic'receptors. The finding
suggest that this pathway could be pnmanly hnked to Bz-adrenerglc receptors. However, as
stated in the discussion of Part III of this dlssertatlon this finding could be a reflection of 1
of 2 theories. o B | -

As eluded to in the aforementioned statement, 8, and f3,-adrenergic recéptors could
operate through different signal transduction pathways in these ceil lines. In general, both
B, and B,-adrenergic réceptors activate adenylate cyclase through a G-protein and result in
the formation of cAMP (Lefkowitz, 1990; Stiles, 1991). A PB,-adrenergic receptor coupled
to cytosolic phospholipase A2, which triggers the release of arachidonic acid, has been
identified in cardiomyocytes (Pavoine, 1999). It has recently been identified that
cyclooxygenasé-2 expression is up-reéulatéd in human pancreatic adenocarcinomas (Tucker,

1999). These findings together suggest that there could be other mitogenic pathways in
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pancreatic adenocarcinomas and could possibly be iinked to B-adrenergic receptors, if not
more specifically, Bz-adr;anérgic receptors. Questions as to whether a givep signal
transduction pathway was alltefe‘d. could .be: aqdreséed by repeating \similar studies and
measuring for the preéence 6r‘ lack of ‘ 's;’;egiﬁc .sécdlnd messengers involved in the pathways
mentioned.

The other theory which ‘might explain the inhibitory effect being observed in the

presence of the B, antagonist is that (3, receptors could be higher in number comparéd to B,
receptors. This theory is supportéd by the findings in the competitive radioligand binding

 studies. However, ethanoll treatment of these cell lines did not further enhance the findings.
The radioligand studies in thé fetal hamster pancreas suggest that ethanol could have
enhanced this effect by increasing the proportion of BZ’ reéeptors. However, these cell lines
represent transformed carcinoma cells as opposed té “normal”/ nop-diseased cells.

In addition to the above mentioned theories, it is possible that NNK and the 8,
antagonist conld have interacted together to have resulted in the inhibition noted. This coﬁld
be resolved by repeating the studies in the presence of the same concentrations of B,
antagonist without NNK.

Pancreatic carcinoma cell lines were chosen to address the hypotheses in this
dissertation due to the lack of a good normal human I;ancreatic ductal epithelial in vitro
system. These cell lines represent transformed cells with m;aximized proliferative
capabilities. Studies conductéd in this laboratory have shown ;chat NNK treatment activates

MAP kinases in fetal hamster lung cells and small cell human lung cancer cell lines. This

activation is far greater in the “normal” fetal cells than the cancer cell lines (Jull, 1999).
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| Rev1s1t1ng an earher topic in this d1scuss1on, the idea of a potential role- for the

'arach1domc ac1d s1gna1 transductlon pathway stimulated by B- adrenerglc receptor actlvatron

in the development of pancreauc carcmoma is of increasing interest. The arachidonic acid

pathway could‘be' a link lietween c_hronic pancreatitis and the development of pancreatic

carcinoma - Chronic pancreatitis is 'a feature of chronic alcoho_l‘consurnption. Ethanol is

v cytotox1c, cytotoxw injury can result in L cell death and secondary hyperplas1a (Muﬁl 1992)..

‘ Th1s effect has been linked to the potentlal eﬁ'ects of ethanol mducmg precursor neoplastlc

1es1ons assoc1ated w1th chronic mﬂammatory condmons of the liver (Lleber 1983 Mufti,
1992). Foc1 of hyperplas1a and 1nﬂammat10n were observed in the offspring of female

hamsters that recelved in utero ethanol (Schuller, 1993) As stated earlier in the summary

" dlscuss1on, 1t has recently been 1dent1ﬁed that cyclooxygenase -2 express1on is up-regulated

in human pancreatlc adenocarcmomas (Tucker 1999) and there is evidence in

' card10myocytes of a ﬁz-adrenergrc receptor coupled to cytosohc phosphohpase A2 which

tnggers the release of arachldomc ac1d (Pavome 1999)

The estabhshment of a role of the arach1domc ac1d pathway in pancreatrc,

o 'carcmogenes1s coupled w1th the ev1dence of up-regulated expresswn of cyclooxygenase-2

(Tucker, 1999) suggests that there could be a potent1a1 therapeutlc role of COX- 2 inhibitors.

‘L1ke\mse 1f a role for ﬁ adrenerglc receptors is estabhshed there may be some therapeutic. .

potential. Qbyrously, glven the fact that ﬁ-adrenerglc.receptors are present throughout the

body, use"of be'ta-lblockei's could'have_potential Widespre_ad systemic effects. However,
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perhaps radio-chemotherapeutic or imaging agents could be linked to B-adrenérgic antagonist
and via a surgical procedure injected locally and increase the therapeutic /diagnostic °

armament available.
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